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Double-stranded cDNA prepared from the 12S fraction ofpoly(A) RNA from interferon (IF) -producing human leukocytes 
was cloned in Escherichia coli using the pBR322 vector. One of the resulting clones had a 9 W-base pair insert which could 
hybridise to IFmRNA and was responsible for the production of a polypeptide with biological IF activity. Up to 10,000 units 
IF activity per g of cells was obtained from some clones. 



CELLS of almost all vertebrates, when exposed to certain viruses 
or inducers, produce one or more (glycoproteins, known as 
interferons' 5 . Interferons (IFs) are characterised biologically by 
their ability to induce in target cells a virus-resistant state which 
is associated with the de novo synthesis of several proteins, in 
particular a protein kinase', an oligoisoadenylate synthetase 4 5 
and a phosphodiesterase'*. In addition, IFs have a regulatory 
effect on trie immune response 1 and their enhancement of 
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Tip 1 Hybridisation of IF mRNA and ;! 1-iiobin mRNA to niter-bound 
DNAs. ON A was linked to DPT paper as described elsewhere", a. For each 
jimepoint, one 0.25-cnv piece of DPTpaper with 500 ngof HwidUI-excised 
insert of rabbit /3-glabin cDNA plasmid and one piece with 700 ng of 
tfi/idlll-digeited pBR322 were hybridised a a sandwich with 10 ui of 
hybridisation medium" containing 200 ng ' : 'l-Ubelled gjobm mRNA. b. As 
above except that DPT papers contained 2S0 ng of Hmdlll-excised insert of 
rabbit fl-globin cDNA plasmid and 250 ng of Pirl-excised insert of Hi(-2h. 
respectively, and hybridisation was with 5 iigof Le polyiAj RNA in 10 u.1. In 
all cases Hybridisation, washing and eluiion were as described in ref. 21 The 
RNA was recovered, its i:! l radioactivity determined, and injected into 
40-50 oocytes. In experiment b. oocytes were incubated with 50 o-Ci J H- 
histidine. Oocyte supernatanti were assayed for IF activity by the cytopathic 
effect reduction assay tsee Table 3 legend). LcpolylAi RNA 1 1 ng) injected 
directly into 20 oocytes gave 2.700 units IF. For the determination of 
'H-labelled globin formation, oocytes were homogenised, centrifuged and 
an aliquot of the supernatant electrophoresed through a 20% poly- 
acrylamide gel". The globin band was cut out and the radioactivity deter- 
mined in toluene-based scintillator solution. 100 ng globin mRNA injected 
directly gave 100.000 c.p.m. 'H-globin. a. '"I-RN A hybridised to fl-globin 
cDNA id or to pBR322 i4))l >H-labelled fl-globin formed in oocytes after 
injection of RNA hybridised to d -globin cONAor lii pBR322 Ik). t>. IF 
activity formed in oocytes after injection of RNA hybridised to Hit-2h 
fragment (Q) or S-globtn cDNA (•). 



killer lymphocyte activity' may be the basis of their inhibitory 
effect on tumour growth". 

Two major classes of acid-stable (type 0 IFs have been 
recognised in man — leukocyte interferon tLe-lF). released by 
stimulated leukocytes, and fibroblast interferon iF-IFj, 
produced by stimulated fibroblasts. Le-IF and F-IF differ not 
only immunologically but also in their target cell specificity: 
whereas both IFs induce a virus-resistant state in human cells, 
Le-IF is also very active on bovine, porcine and feline cells, 
whereas F-IF is not : . The two IFs are encoded by separate 
mRNAs' 0 . 

Human Le-IF has been purified more than 80.000-fold, to a 
specific activity of 4 x 10" units per mgi ref. 1 Dor 2.5 x 10 s units 
per mg (tel. 12). Two components have been characterised by 
polyacrylamide gel electrophoresis, with apparent molecular 
weights (MWs) of 21-22.000 and 15-' -i.000. respectively" 
they are believed to differ in their ccgree of glycosylation : *. 
Enzymatic' 5 or chemical' 6 removal of most or all of the carbo- 
hydrate moietv seems to have little effect on the biological 
activity of IF 

We sought to clone human Le-IF cDNA in order to construct 
bacterial strains producing polypeptides) with human IF 
activity, and to generate the tools required for the analysis of 
Le-IF gene structure and function. The particular difficulties of 
this undertaking were the lack of a purified Le-IF mRNA and 
our ignorance of the structure of Le-IF. which precluded the 
preparation of pure or highly enriched IF cDNA. or of a probe 
for the identification of the desired clones. 

We describe here the isolation of a hybrid plasmid containing 
a 872-base pair Le-IF cDNA, which elicits the formation in 
Escherichia coli. of a polypeptide with the immunological and 
biological properties of human Le-IF. 

Isolation of hybrid plasmids containing 
IF cDNA sequences 

Hybrid DNA. consisting of leukocyte cDNA sequences joined 
to pBR322 at the Psd site by means of dG:dC sequences, was 
prepared by conventional means, using as starting material a 
12S fraction of poly(A) RNA from IF-producing leukocytes, 
purified about 10-fold for IF mRNA. cDNA cloned in this 
fashion is usually flankel ' 
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Double-stranded cDNA prepared from the 12S fraction ofpoly(A) RNA from interferon (IF) -producing human leukocytes 
was cloned in Escherichia coli using the pBR322 vector. One of the resulting clones had a 9 W-base pair insert which could 
hybridise to IFmRNA and was responsible for the production of a polypeptide with biological IF activity. Up to 10,000 units 
IF activity per g of cells was obtained from some clones. 



CELLS of almost all vertebrates, when exposed to certain viruses 
or inducers, produce one or more (glycoproteins, known as 
interferons' 5 . Interferons (IFs) are characterised biologically by 
their ability to induce in target cells a virus-resistant state which 
is associated with the de novo synthesis of several proteins, in 
particular a protein kinase', an oligoisoadenylate synthetase 4 5 
and a phosphodiesterase'*. In addition, IFs have a regulatory 
effect on trie immune response 1 and their enhancement of 
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Fig. 1 Hybridisation of IF mRNA and ;! 1-iiobin mRNA to niter-bound 
DNAs. ON A was linked to DPT paper as described elsewhere", a. For each 
jimepoint, one 0.25-cnv piece of DPTpaper with 500 ngof Hi*dIII-excised 
insert of rabbit /3-glabin cDNA plasmid and one piece with 700 ng of 
tfi/idlll-digeited pBR322 were hybridised a a sandwich with 10 ui of 
hybridisation medium" containing 200 ng ' : 'l-Ubelled gjobm mRNA. b. As 
above except that DPT papers contained 2S0 ng of Hmdlll-excised insert of 
rabbit fl-globin cDNA plasmid and 250 ng of Psrl-excised insert of Hif-2h. 
respectively, and hybridisation was with 5 iigof Le polyiAj RNA in 10 u.1. In 
all cases Hybridisation, washing and eluiion were as described in ref. 21 The 
RNA was recovered, its i:! l radioactivity determined, and injected into 
40-50 oocytes. In experiment b. oocytes were incubated with 50 u-Ci J H- 
histidine. Oocyte supernatanti were assayed for IF activity by the cytopathic 
effect reduction assay tsee Table 3 legend). LepolylA) RNAll ng) injected 
directly into 20 oocytes gave 2.700 units IF. For the determination of 
'H-labelled globin formation, oocytes were homogenised, centrifuged and 
an aliquot of the supernatant electrophoresed through a 20% poly- 
acrylamide gel". The globin band was cut out and the radioactivity deter- 
mined in toluene-based scintillator solution. 100 ng globin mRNA injected 
directly gave 100.000 c.p.m. 'H-globin. a. '"I-RN A hybridised to fl-globin 
cDNA id or to pBR322 i4J)l 'H-labelted fl-globin formed in oocytes after 
injection of RNA hybridised to d -globin cONAor lii pBR322 Ik). t>. IF 
activity formed in oocytes after injection of RNA hybridised to Hit-2h 
fragment (Q) or S-globtn cDNA (•). 
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killer lymphocyte activity' may be the basis of their inhibitory 
effect on tumour growth". 

Two major classes of acid-stable (type 0 IFs have been 
recognised in man — leukocyte interferon tLe-lF). released by 
stimulated leukocytes, and fibroblast interferon iF-IFj, 
produced by stimulated fibroblasts. Le-IF and F-IF differ not 
only immunologically but also in their target cell specificity: 
whereas both IFs induce a virus-resistant state in human cells, 
Le-IF is also very active on bovine, porcine and feline cells, 
whereas F-IF is not : . The two IFs are encoded by separate 
mRNAs' 0 . 

Human Le-IF has been purified more than 80.000-fold, to a 
specific activity of 4 x 10" units per mgi ref. 1 Dor 2.5 x 10 s units 
per mg (tel. 12). Two components have been characterised by 
polyacrylamide gel electrophoresis, with apparent molecular 
weights (MWs) of 21-22.000 and 15-' -i.000. respectively" 
they are believed to differ in their ccgree of glycosylation : *. 
Enzymatic' 5 or chemical' 6 removal of most or all of the carbo- 
hydrate moietv seems to have little effect on the biological 
activity of IF 

We sought to clone human Le-IF cDNA in order to construct 
bacterial strains producing polypeptides) with human IF 
activity, and to generate the tools required for the analysis of 
Le-IF gene structure and function. The particular difficulties of 
this undertaking were the lack of a purified Le-IF mRNA and 
our ignorance of the structure of Le-IF. which precluded the 
preparation of pure or highly enriched IF cDNA. or of a probe 
for the identification of the desired clones. 

We describe here the isolation of a hybrid plasmid containing 
a 872-base pair Le-IF cDNA, which elicits the formation in 
Escherichia coli. of a polypeptide with the immunological and 
biological properties of human Le-IF. 

Isolation of hybrid plasmids containing 
IF cDNA sequences 

Hybrid DNA. consisting of leukocyte cDNA sequences joined 
to pBR322 at the Psd site by means of dG:dC sequences, was 
prepared by conventional means, using as starting material a 
12S fraction of poly(A) RNA from IF-producing leukocytes, 
purified about 10-fold for IF mRNA. cDNA cloned in this 
fashion is usually flanked by Pstl sites and, as it is located in the 
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TtMt 1 mRNA hybridisation translation uuy (or eh* detection o( IF cDN A in hybrid DNA from pools of transformed £. coli 



DNA sample 
Eipt I : Pools of 5 1 2 clones 

1 

S 
.V 
A 

3 other groups negative 

Expt 2: Pools of 64 clones from sample A 
A-I 
A-H 

A-I1I 
A- IV 

A-Vto VIII 

Expt 3: Pools of 8 clones from sample A. Ill 
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t-III-2 
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A -111.5 to 8 

Expt 4: Single clones from sample A-///-4 

A-I1I-4B 
A-III-4C 



Interferon activity 
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i3S (<3S); 35K30); 35 l<30); 600 i<30); <20 (<20) 

85(<35):<25(<25> 

negative 

<20(<20); <20(6O);35(<30) 

<35 K35); <30l<30): 1SOK20I: 6O0K35); 110160) 

<2SK2J);<30«30> 

3O«30); <20(<20l: <20 (60) 

negative 

<35* K35): <20 t 60) 

35i60):60" K35): 1U* Kill: <1I l< 1 1); 20 (<20) 



Hybrid DNA containing leukocyte cDNA was prepared as follows. To obtain poly(A) RNA from IF-producing leukocytes. 10" human leukocytes were primed with 
Le-IF and induced with Sendai virus as described elsewhere". Alter 5 h at 37'C the cells were collected, suspended in 1 1 PBS and added to 1 7 1 20 mM Tris-HCl I pH 7.5), 
I mM EDTA and 2% SDS. The lysate was digested with Pronase |200 »g ml"') (or 1 h at 20*C. 2 M Tris-HCl burler I pH 9. 5% vol) was added and the solution extracted 
with 15 I phenol for 30 min. Chloroform i3 li was Added to aid phase separation, the aqueous phase adjusted to 0-3 M NaOAc buffer (pH 5.5) and the nucleic acid 
precipitated withethanol. The precipitate i about 1 g) was dissolved in 900 ml TNE [Tris-HCl I pH 7.5). 100 mM NaCl. 5 mM EDTA|containing0.5% SDS. extracted three 
umes with phenol and exhaustively with ether, and the polyi A) RNA recovered by three batch adsorptions to 3 x 5 goligo idT) cellulose (type 7. P-L Biochemicals) followed 
byelutton with water. The yield was 1.6 mg: 1 ng gave rise to 300 units IF when injected into oocytes. For further purification. 860 »g RNA in 5 mM EDTA were passed 
through a Chelex- 100 column, heated for >>Q s at 100'Cand cenaifuged through a 5-23% sucrose gradient in 50 mM Tris-HCl (pH 7.5). I mM EDTA and 0.2 M NaCl. The 
fractions containing the IF-mRN A activity, sedimenting around 1 25, were pooled and the polyi A) RNA recovered by oligo(dT) cellulose chromatography. The yield was 
40u.g; 1 u.ggave rise to 3.600 units IF wheniniected into oocytes. pBR322-linkedLe-cDNA was prepared essentially as described previously". Sucrose-gradient purified 
polyi A) RNA from two preparations < 48 ugj was used as template for reverse transcriptase to generate 10 ngcDNA600-l,000 nucleotides long: this wis converted into 
double-stranded DNA by DNA polymerase Land treated with S, endonucleasei yield, 8 u.g preparation A). Of this DNA, 5 u.g were cenenfuged through a sucrose-density 
gradient, and material sedimenting faster than a 600-base pair )J P-DNA marker was pooled and precipitated with ethanol (preparation B. 3 u-gj. cDN A was elongated with 
dCMP residues, annealed todGMP-elongated. ftrI-c!eavedpBR322 (ref. 17) and used to transform E. coli v 1776 (ref. 23) (preparation A: 3.3 " 10'teiracycline-resistant 
transfonnants per »g DNA). or E. coli HB101 'preparation B: 4x 10' transformanti per ng DNAi, Ten thousand colonies of transformed E. co/i'a-1776 were inoculated 
individually into wells of microtitre plates and stored with 20% glycerol at -20"C Five thousand colonies of transformed E. coli HB101 (from preparation A) were raised 
on Miilipore filters and stored frozen as described by Hanahan and Meselson i: ** To carry out the hybridisation translation assay, the number of bactenal clones (from 
preparation A! indicated in the table were inoculated individually on to agar plates, incubated for 24 h and washed off with medium. This suspension was used to inoculate 
I -1 cultures Trom which plasmid DNA was purified as described (method B in ref. 25). The hybrid Le cDN A ( 20 ugi was cleaved with HindMI, mixed with 1 2 »g Le polyi A) 
RNA. 5ng ::, I-labeiled rabbit d-globin mRNA i5.000c.pm.) and 0.1 nj ftrl-cleaved rabbit globin cDNA plasmid iZ-pBR322iH3i.Rc3C-4.13)" in 40 nl S0% 
(ormamide.0.4 MNaO. 10 mM PIPES butter i pH 6.4i and 5 mM EDTA. and heated (or 4 h at 56 'C. After diluting to I ml with 0.9 M Nad and 0.09 M tnsodium citrate 
'pH*) and adjusting to 4% [ormamide. the solution was filtered through a Miilipore filter 1 13 mm diameter. 0.4 u,mpore size). The filter was washed for 10 mm at 37 °Cin 
0.15 MNaO. 0.015 M Imodium citrate and 0.5% SDS, and the RNA recovered by heating the filter for 5 mm in 0.5 ml 1 mM EDTA, 0.5% SDS and 3 ug ml" 1 yeast RNA 
at 75 3 C. The RNA was purified by oligoidT) cellulose chromatography, precipitated with ethanol and assayed (or IF-mRN A activity. To determine IF-mRN A activity, the 
RNA sample i up to 3 u.g) was dissolved in 1-3 nl 15 mM Tris-HCl (pH 7.5) and 88 mM Nad. and injected into 20-60 Xtnop\ulatw oocytes" (50 nl per oocyte). Oocytes 
were incubated for 12— L 6 h in Barth's medium^', homogenised in 0,5 ml 50 mMTris-giycine buffer! pH 3 9i and the supernatant was assayed for IF. In later experiments 
i Table 2i. mcubatton was for 24-48 h and the incubation medium was assayed for excreted IF" IF was determined by the vesicular stomatitis virus < VS V) plaque reduction 
assay' 1 .All values are expressed in international units. Values marked with an asterisk were obtained by hybridisation to diazobenzyloxymethyl iDBMI-oound DNA, as 
described in ref. 22. Underlined values are considered positive. The control values .in parentheses! were obtained by hybridisation to pBR322 DNA. .All manipulations 
involving live E. coli HB101 or E, colt XI 776 containing Le cDNA-pBR322 hybrids were earned out in P3 containment conditions as described in the NIH Recombinant 
DNA Research Guidelines. 



^-lactamase gene, can be expressed as a fused protein" or, in 
certain circumstances, as an independent polypeptide 1 ". 

We identified an IF cDNA clone by a mRNA hybridisation 
translation assay", Hybrid plasmid was prepared from pools of 
512 bacterial clones, and 20 u.g of each plasmid pool were 
cleaved with Pstl. denatured and annealed with 12 u.g crude Le 
polyi A) RNA. i:5 I-Labelled globin mRNA and rabbit /3-globin 
cDNA plasmid were added to monitor hybridisation and all 
subsequent steps. Hybridised RNA was recovered from the 
filters, purified and injected into oocytes to determine its IF- 
mRNA activity. Control hybridisations were carried out with 
pBR322. The overall recovery of 0-globin mRNA activity was 
only about 5% of the input. 

Four out of 12 groups of 512 clones \S, A, I and N) gave 
positive results by this assay, albeit erratically; controls were 
consistently negative in these groups (Table 1). However, in 
later experiments, controls occasionally gave a positive result, 
perhaps due to insufficient washing of the filters. A group of 
clones was scored as being positive if the value was higher than in 
the parallel control. The bacterial clones of group A were 
arranged in 8 subgroups of 64 each, and assayed as above. Three 
of these subgroups, A-II. A- III and A-IV, gave positive respon- 
ses; the clones of A-III were regrouped into eight sets of eight. 



The set A-III-4 was the first to yield a positive result; A-III-2 
subsequently also gave positive results. DNA was prepared from 
the single A-III-4 clones and that. from A-III-4C gave positive 
responses both by liquid and filter-bound hybridisation (Table 
1). After recloning in E. coii HB101 the hybrid plasmid of clone 
A-III-4C. designated Z-pBR322(i°J')/HcIF-4c (abbreviated to 
Hif-4c), was purified and cleaved with Pstl; it released a 320- 
base pair insert, that is. a fragment about one-third of the 
expected length of complete IF cDNA. The fragment bound IF 
mRNA efficiently (Table 2). 

A set of colonies containing hybrid DNAs related to Hif-4c 
was identified by in situ hybridisation with !: P-labelled Hif-4c 
Pstl fragment. Among the 64 clones of A- HI, three gave a strong 
hybridisation response, namely~4C, 2H and 7D, and two ( IE and 
3D)aweakone.A-III-2Hhad the largest insert, about 900 base 
pairs; it was recloned in E. coii HB101 and designated Z- 
pBR322(Pjr)/HcIF-2h (abbreviated to Hif-2h). In addition, 
5,000 clones prepared as described, but using double-stranded 
Le-IF cDNA selected for length above 600 base pairs (pre- 
paration B, cloned in £. coii HB101), were screened by in situ 
hybridisation, using the same probe. Of 185 positive clones 
identified, 95 gave a strong and 90 a weak hybridisation 
response in the Grunstein-Hognesi assay". The former were 
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designated £■ coli HB101(Z-pBR322(ftr)/HcIF-SNl to 
-SN95) (abbreviated to SN1 to SN9S). 



Properties of plasmid Hif-2h 

The insert of plasmid Hif-2h. released by Pstl cleavage, was 
attached to diazophenylthioether iDPT) paper and the kinetics 
of hybridisation to IF mRNA in conditions of DNA excess 
determined (Fig. li. In optimal conditions, about 7% of the 
IF-mRNA activity and 12% of the /J-globin-mRNA activity 
were recovered, as measured in the oocyte system. Thus, the 
insert of Hif-2h hybridises to IF mRNA with about the same 
efficiency as does 0-globin cDNA to /3-globin mRNA. 

Restriction and sequence analysis of Hif-2h (M. Schwarzstein. 
N. Mantei and M.S., unpublished results) showed that the insert 
has 910 base pairs of which 23 are 5-terminai and 15 are 
3'-termina! GC pairs; there is one site each for Bsp\ (85), Bglll 
(335) and £coRI (710) endonucleases, two sites for Pvull 
(125, 425). and three sites for Avail ( 190, 385, 655) and none 
for Hhal. Taql. Hindlll. Wpall. Pstl and BamHl. (The values 
in parentheses indicate the distance in base pairs from the Psi 
terminus corresponding to the 5' end of the mRNA.) The 
orientation of the cDNA insert, as ascertained by nucleotide 
sequence analysis, was such that the reading direction of the IF 
cDNA coincided with that of the ^-lactamase gene. 

Detection of IF activity in E. coli strains 
transformed with 
HiMc-related hybrid plasmids 

The isolated Hif-2h Pstl fragment was joined to Psrl-cleaved 
pBR322 and to three plasmids, pKT279. pKT2S0 and pKT2S7, 
derived from pBR322 by deletions in the ^-lactamase gene: 
DNA ligated into the Psi site of this set can be translated in the 
three possible reading frames by readthrough from the 3- 
lactamase sequence (K.Talmadge. personal communication). E 
coli HBL01 strains transformed with these hvbnd DNAs were 
E. coli HB101 iZ-pBR322iPsri/HcIF-2h-AHl to -AH4), E 
coli HB101 iZ-pKT279(ftf),-HcIF-2h-AHl to -AH8landso 
forth, or in abbreviated form. 322-AH1 to -AH4. 279-AH1 to 
-AH8. and so on. S-30 or S- 100 extracts, from 24 of the AH 
and 49 of the SN strains grown to stationary phase, were tested 
for IF activity. The original Hif-2h-containing strain and many 
of the AH strains showed IF activity; three of them, 279-AH8. 
230-AH3 and 287-AH6. were selected for further testing. Of 



Xtbtt 1 Characterisation of the insert o( hybrid plasmid Kif-4c by the tnRNA 
hybridisation translation assay 




ri|. 2 Chromatography of Le-lFand E coh IF on Sephadex G- 100. ml 
0.9 ml S-100 exiract o( 2SO-AH3 i iOO units, 0 mg protein mJ''i and \b) 
0 •> ml of l dilution of human Le-IF . I.UlXJ units of preparation P-IF iref. 
34ii :n S-lOOettract of SN32 .no IF activity, 6 mgml"' were mixed with 
cytochrome c ,0 : mg) id. "P-phosphaie 1 10 ! c p.m.i 'Pi and i:, l-labelled 
fl-lactoglobulm i2.5 < 10 s c.p.m.) iLi and chromalographed on a 0°x 49- 
cm column o( Sephadex G-1U0 in PBS at 4 'C. Fraction! of 0.7 ml were 
collected at 2.3 ml h ". IF activity was measured by the cytopathic ertea 
reduction assay, and radioactivity, A :la and A iia [cytochrome c) were 
Jelermined for each fraction. The position ol bovine serum albumin l B) wu 
determined ih a separate run. relative to C and P. 





Amount of 








leukocyte 


Time of 






polylAlRNA 


hybridisation 


IF activity 


DNA fragment 


lag) 


thl 


lunm ml" 1 ) 


Hif*c 


2.5 


16 


250: 100 


8-globincDNA 


2.5 


16 


4; I 


HU-4C 


7 5 


16 


3. 000: 1.000 


(3-globincDNA 


75 


16 


4, 30 


HJ-4C 


7.5 


5 


1.000; 1.000 


£-globincDNA 


7 5 


5 


10; i 



The insert of plasmid Hif-4c was excised with Pul. purified by electrophoresis 
through a 2% agarose gel and recovered by successive adsorption to and eluoon 
from hydroxyapatite and DE A£ cellulose. 1 20-ng fragments were linked to each 
0.25 cm' DPT paper iB. Seed, personal communication). Pre-hybridisation. 
hybridisation and elulion of RNA were u described elsewhere". The RNA wu 
injected into oocytes and IF activity was determined after 48 h by the cytopathic 
effect reduction assay J0 [see Table 3 legend). 

the 49 SN strains, 16 had IF activity; two of the highest 
producers, SN35 and SN42. and a negative control, SN32. were 
further examined. Table 3 shows the results obtained with S-100 
extracts of log phase bacteria. IF activities ranged from 100 to 
1.000 units per ml of S-100 extract derived from a 20-ml 
resuspension of the 2.0 g (approximately) of bacterial cells 
contained in 1 1 of culture. 



Characterisation of the IF activity produced 
in transformed E. coli 

We tested the sensitivity of the IF activity to a protease by 
incubating S- 100 extracts of 287-AH6 and SN35 for 30 min at 
37°C with increasing amounts of trypsin. As a control, authentic 
human Le-IF was mixed with the (inactive) S-100 extract of 
SN32 (to give a similar protein concentration. 6rag ml"') and 
digested in parallel. In all cases, the activity was partially abol- 
ished at .200 p.gmr 1 and completely abolished at I mgml"' 
trypsin. 



Table 3 IF activity in extracts of transformed E. coli 



S-100 extracts of £. cod HB101 
transformed by: 

u Z-pBR322[ftn. HcIF-:h 
6 Z-pKT279iftll;HclF.:h-AH8 
c Z-pKT230(ftli/HclF :h.AH3 
J Z-oKT2S7i/>si>.HclF-2h-AH6 
t Z-pBR322iPsn HclF-SS35 
/ Z.p8R3221ftn.<HclF-SN42 
s Z-pBR322lftrl/HcIF-SN32 



IF activity 
units per ml extract) 

100; :iX> 
100; :•'» 
1.0O0: 1 000 

:oo. :oo 

1. 000: l.>300 
300: 100 
i): ') 



The LF-cDNA insert ol HiMc. excised with ftil and punned as described in 
Table 2 legend, was |Oined to Pill-cleaved pUTt" 0 - pKT2S0 and ?KT2S7, 
respectively. £. coli HB 101 was transformed with ihese products and terracvcline- 
resistant colonies were screened by in siru hybndisation -J as described Dy Hanahan 
and Meselson : ', using the Hil-4c Pstl fragment nick-translated with !>-' : P!d ATP 
(1.100 Cimmof. NENi and [a-"l>\iCT? i470Cmmoi". NENi as labelled 
substrates" . Three clones , o-di were selected in preliminary assays lot IF activity. 
Cones c-s were from a set of IF-cDNA-conlaining clones identified among 5 .000 
£. con HB101 transformed with Le cDN A i preparation B. see Table 1 legendiby 
in siru hybridisation as above, e And were shown to produce IF in a preliminary 
screening, and g was chosen as negative control. One-litre cultures of •■.-ansformed 
£ coli were grown to an A,, 0 ol about 0.8. The cells (about 2.0 gi were collected, 
washed with 50 mM Tns-HCI pH i\ 30 mM NaCI and resuspended n 20 mi 
of the same buffer. Lysozyme was added to 1 mg ml ' ' . after 30 mm at 0" C. :he 
suspension was (roien and thawed rive times and centnfuged at 10.000 r p.m. lor 
20 mm. The supemaiint was centnfuged at 40.000 r.p.m. for 1 h in a Spinco 60 
rotor. The S- 100 supernatants [about 6 mgml" protein in all casesi were assayed 
in duplicate by the cytopathic effect reduction assay and their IF content estimated 
relanve to a standard IF preparation. IF activity was determined by the cytopathic 
etfect reduction assay as follows. The IF samples, serially diluted 13 were mixed 
wit* 10' CO.23 cells in the wells ol a microtitre plate iCookei in MEM-10% 
newborn calf serum. Alter 24 h the medium was replaced by an appropriate 
dilution of Mengo virus m the same medium. 24 h later the medium was replaced 
with 0.5*. crystal violet. 3% formaldehyde. 30% ethanol and 0.17% NaQ for 
15 nun: the wells were then washed exhaustively with water. 
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TaMe 4 Antibody dun of ine-U-CF tad ano-F-IF measured against different IF 
preparations 

S-100 E. coti extracts 
Le-IF F-IF SN35 2SO-AH3 

Sheep anti-U-ff 100,000 3,000 30,000 30,000 

Coat anti-F-IF <10 1.000 <10 <10 

About 10 units of each IF preparation were incubated (or 1 h at 20 'C with 
different antiserum dilutions and the IF activity was determined by the VSV plaque 
reduction assay"- The litres are given as the reciprocal of the highest dilution 
which raises the plaque counts by a (actor of 2. The sheep anti-Le-[F was prepared 
u described elsewhere" Human U-EF wis purified to the P-IF stage J *. 

Human Le-[F is stable at pH 2 (ref. 21). S-100 extracts of 
280-AH3 and SN35, as w,ell as 250 units human Le-IF mixed 
with (inactive) S-100 extract of SN32, were dialysed overnight 
against 0.1 M NaCl and 50 mM glycine-HCl (pH 2) buffer and 
then 5 h against phosphate-buffered saline (PBS). A precipitate 
was removed by centrifugation and the supernatant assayed by 
both cytopathic enV' reduction and plaque reduction. In all 
cases the initial IF a .ity was recovered in full. 

To compare the MWs of authentic Le-IF and the IF activity in 
transformed E. coli {E.coli IF), S-100 extracts were chromato- 
graphed on Sephadex G-100 columns. IF activity moved with a 
K. y of 0.46 in the case of 280- AH3 (Fig. 2a), 281-AH6 and 
SN35 (data not shown), which was slightly slower than authentic 
Le-tF imuced with S-100 extract of SN32. Fig. 24); the 
difference may, however, not be significant. 

We compared the serological properties of authentic IFs and 
E. coli IFs. As shown in Table 4. sheep anti-human Le-IF had a 
similar titre against Le-IF and E. coli IF of SN35 and 280- AH3, 
and was 55th as active on fibroblast IF (F-IF); goat anti-human 
F-IF was active only against F-IF. Thus, E. coli IF is immuno- 
logically similar to Le-IF. and quite distinct from F-tF. 

Both authentic Le - IF and £. coli IFs show specificity in regard 
to the cells on which they will act: they are most active on human 
cells, less active on monkey and mouse cells and inactive on 
chick cells 1 Table 5). It is not clear whether the relatively high 
activity of £. coli IF on monkey cells is significant; further 
experiments with the purified material are necessary. 

As shown by Kerr" and others, treatment of cells with IF 
increases 10- to 15-fold their level of oligoisoadenylate 
synthetase, an enzyme that condenses ATP to ppp(A2'p).5'A 
m = 1-4). Cells were treated with various IF preparations and 
the cell extracts assayed by measuring the 'H radioactivity 
transferred from J H-ATP to the dephosphorylation products of 
pppA2'p5'A and pppt A2'p):5'A. namely (2'-5')ApA and (2'- 
5'iApApA. As shown in Table 6, (2'-5')ApA radioactivity was 
six- to ninefold higher in cells treated with Le-IF or E. coli IF 
than in controls treated with an inactive E. coli extract, and 
1 2'-$') ApApA radioactivity was more than 14-33 times higher 
than in controls; there was no significant difference between the 
activiry of Le-IF and S-100 extracts of 280-AH3 and SN35. 



Table 5 IF activities measured on different ceil types 



Cells 




Interferon activity 




Expt 1 


Le-IF 


F-IF 


E. coli S-100 extracts 








2S0-AH3 


SN35 


Human U amnion 


6.000 


2.000 


600 


600 


Monkey Vero 


6 JO 


100 


350 


350 


Monkey GMK 


350 


:oo 


350 


no 


Primary chick embryo fibro- 










blasts 


<20 


<20 


<20 


<20 


Expt 2 


Le-IF 


mouse-lF 


E. coli S-I00e«tracu 








237.AH6 


SN35 


Humn CO. 23 


1.000 


ND 


300 


1.000 


Mouse L929 


40 


120 


JO 


120 



Human Le-IF was preparation P-IF 'ref. 34i. mouse IF was the NIH standard. U 
cells wete maintained by K.C. All cells were challenged with VSV. except (or 
CCL23 cells, where Mengo virus was used. Experiment 1 was assayed by plaque 
reduction, experiment 2 by the cytopathic effect reduction assay. ND. Not done. 



Thus, by all criteria tested, £. coli IF is very similar to 
authentic Le-IF, although, of course, the molecular structure 
may well differ in various respects. 

Discussion 

A strain of E. coli containing IF-cDNA was identified by an 
IF-mRNA hybridisation translation assay in which DNA from 
successively smaller pools of strains was screened. Because only 
4 of 12 groups of 512 clones had originally given a positive 
response, we were surprised to find 5 IF clones in a selected 
group of 64. It is probable that, when used on large pools, the 
assay was at borderline sensitivity and only detected groups and 
subgroups particularly rich in IF-cDNA clones. The subsequent 
screening of 5,000 colonies using an IF-cDNA probe revealed 
185 positive clones, a frequency of about 1:27. Taking into 
account the fact that the poly(A) RNA used to generate the 
clones had been enriched about 10-fold with respect to IF 
mRNA. the proportion of IF mRNA in poly(A) RNA from 
induced leukocytes was not less than 1:270. ^ 

The identification of the 910-base pair insert in Hif-2h as a 
cDNA copy of human Le-IF rests on two lines of evidence: 1 1) 
its capacity to hybridise selectively to IF mRNA, and (2) its 
ability to direct the synthesis, in E. coli, of a polypeptide with the 



Tabte 6 Levels of oligoisoadenylate synthetase in human cells treated with Le-IF 
ot £ coli IF 







Cell 








Cells treated 


protein 


'H-A in oligoisoadenylate 




with: 


>u.g) 


°'o of recovered radioactivity) 








ApA 


ApApA 


1. 


S-100 extract of SN35 1200 units 


7.6 


1.4 


<0.1 




IF ml' 1 ) 


38 


3.2 


1.4 


2. 


S- 100 extract of 280-AH3 


76 


1.5 


0.1 




200 units IF ml"') 


38 


7 S 


3 3 


3. 


S-100 extract of SN32 Ino IF) 


7 6 


<0.1 


rO.t 






38 


0.9 


<0.1 


4. 


Le-tF iP-IF) (200 units IF ml"') 


7 6 


1.3 


0 25 






38 


SO 


2.1 



Confluent CCL23 cell monolayers in 50-mm dishes were treated with a mixture 
of 1 ml £. colt S-100 extract and 4 ml minimal essential medium i.MEMM0% 
newborn calf serum or a dilution of Le-IF iP-IF) in 5 ml medium. .After 20 rt the 
ceils were lysed and supernatants prepared as described elsewhere" Varying 
amounts of lysate were adsorbed to polyirll.irO-Sepharose and incubated as 
described elsewhere", except that 'H-ATP specific activity 40 Ci mmor'i was 
used instead of 1: P- ATP .After treatment with bacterial alkaline phosphatase, the 
products were separated by electrophoresis using ApA and ApApA u markers" 
The paper was cut into strips and the radioactivity determined by scintillation 
counting. Most radioactivity was recovered m adenosine 100% radioactivity was 
3-5 < 10* c p.m. 

biological activity of IF. The polypeptide has properties of 
human Le-IF in that it induces a virus-resistant state in human 
cells, to a lesser extent in monkey and mouse cells and not in 
chick cells, and is neutralised by antibody to human Le-IF but 
not to human F-IF. Moreover. £. coli IF stimulates the activity 
of isoadenylate synthetase in human cells to the same extent as 
does authentic Le-IF. 

The IF-cDNA plasmids were constructed to allow synthesis of 
an IF molecule fused to part of ^-lactamase. It seems likely, 
however, that the biologically active material is a non-fused 
polypeptide, because its formation is directed by hybrids derived 
from each of the three pKT plasmids and is therefore indepen- 
dent of the reading frame resulting from the construction. 
Moreover, a fused ^-lactamase fragment should contribute ISO 
amino acids when the IF cDNA is inserted in the Pul site of 
pBR322, but not more than 26 or 29 ammo acids when ti is 
linked to pKT280 or pKT287 iK. Talmadge. personal com- 
munication); in fact, there is no detectable difference in the size 
of the biologically active IF polypeptides made by the three 
strains. At the structural level, £. coli IF probably differs from 
authentic Le-IF by the absence of appropriate glycosylation. 
.Also, it is possible that E. coli IF consists of the Le-IF sequence 
preceded by a signal sequence, as nucleotide sequence analysis 
of the cloned IF cDNA revealed a region coding for 22 amino 
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acids which follows the first AUG and precedes the stretch 
coding for mature IF (M. Schwarzstein, N. Mantei and M.S., 
unpublished results). 

We do not know whether E. coli 3F has the same specific 
activity as authentic Le-IF. If this were the case, the amount of 
active IF produced in transformed E. coli, about 20.000 units 
per I of culture, would correspond to one to two fully active 
molecules per cell. This would be consistent with the occurrence 
of rare translational events at the physiological initiation site of 
the IF sequence, and appropriate modifications of the hybrid 
piasmid should allow a considerable increase in the yield of 
active IF. If, however, lack of appropriate glycosylation 
diminishes the activity of the molecule, we shall have a problem 
on our hands. 
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STMtAXX 

The coding sequences of the eBNAs of cloned hyman leuko- 
cyte interferois I and human fibroblast interferon show IiohsqIg 
gies of 45t at the nucleotide and 2SI at the amine* acid level 
We estimate that the two genes were derived from a comsaon 
ancestor about S00 te 1*000 jsillion y«srs ago. 
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The acid-stable human interferons are subdivided into two 
major groups, aaisely fibroblast interferons (F-IF) and leukocyte 
interferons (Le-IF); these are the major components of the inter- 
ferons produced by induced fibroblasts and leukocytes, respective- 
ly. Some ceils, such as the lyrspnoblastoid N&aalva cell line, 
produce a mixture of 901 Le* IF and 10% F-IF (1, 2). The two inter- 
feron types have several features in common; both are glycoproteins 
•with molecular weights ranging from 16'000 to 26*000 (3-9), 
the induction and shut-off of their synthesis appears to be 
under siallar control (6), and at least seise of the responses 
elicited in target cells are similar, such as induction of 
an antiviral state, which is accompanied by increased synthesis 
<-f several proteins (10-13} . Nonetheless, the two kinds of 
interferons differ in many respects. Antibodies directed against 
Le-IF do not neutralise F-IF and vice-versa (14), the target 
cell specificities of the two IPs differ (15) , and the sequences 
of the 13 asino terminal amino acids of F-IF and of Le-IF (from 
lyjsphoblastoid cells) show no homology (16 , 22), Although Le-IF 
and F-IF are encoded by different mRHA species (17}, it is not 
known whether these mKNAs are transcribed froa distinct genes 
or whether they arise fros the saxae gene via a common precursor 
which is processed or spliced in different modes . 

fo'e have recently closed and sequenced one species each 
of le-IF {Le-2F I) (18,19} and F-IF c»NA (20,21), A second 
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species of i.e-13? (Le-IF IX) cDMA has recently been identified 
(M- Streuli, S. Nagata and C. Weissmann, unpublished result$) . 

In Fig. 1 the nucleotide sequences of Le~IF I and F-IF 
cDNA were aligned so that the AUGs closest to their S* tenaini 
coincided, From the amino terminal sequence published for F-IF 
(16) and lysphoblastoid Le-IF £22) one can determine that in 
the case of F-IF the 21st codon following the initiation triplet 
and in the case of Le-I? the 25rd codon represents the first 
ajoinc acid of the interferon polypeptide. Presumably the stretch 
in between encodes a signal peptide. Since the putative signal 
peptide of Le-IF comprises 23 and that of F-IF 21 amino acids , 
the IF polypeptides, as aligned in Fig. 1, are shifted by two 
residues relative to their termini. In this alignment, 4g of 
166 positions (291) of the interferon polypeptides have identical 
amino acids. To plot the degree of homology between the F-IF 
and Le~lF as function of the map distance, the sequence was 
subdivided into segments of 8 amino acids (or 24 nucleotides) , 
each overlapping by 4 asaino acids (or 12 nucleotides) with the 
neighboring segments, and the percent coincidence of amino acids 
(and nucleotides) for each segment was determined (cf . van Ooyen 
et al . , ref . 23) . As seen in Fig. Z, amino acid sequences show 
three doaains of hosology. The first one, with the least degree 
of homology, corresponds to the putative signal sequence, which 
is rich in hydrophobic residues and has 4 identical amino acid 
positions out of 21; the second domain , between the 28th and 
80th amino acid (counted on the Le-IF sequence) , has 21 identical 
residues out of SI (411 homology) and the third, between 
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positions 115 and 151 (Le-IF sequence), has 19 out of 35 identical 

residues {541} , The longest stretches of contiguous conserved 

asino acids are Gln-Phe-GIn-Lys (pos. 47-50 of le-IF and 4S-S2 

of F-IF} and Cys~Aia-Trp (pos. 13S-141 and pos, 141-143, respective 

the latter sequence is notable because it comprises Cys and 

Trp, which are preferentially conserved in related proteins 

(24) . Table 1 shows that conservation was highest between 

the interferon polypeptides (not considering the signal sequences) 

for Trp, Phe, Arj>, Cys and Tyr residues, in agreement with 

the general experience that the astino acids tsost likely to 

be conserved between related proteins are Trp > Cys > Tyr > Arg > 

Phe s His {24} . Ever, wher e amino acids are conserved , the codons 

show one or more; nucleotide changes in half the instances. 

The eodens of 3 out of 7 conserved Leu residues are non-related, 

as are 2 of 4 cod ens pertaining to conserved Ser -residues. 

This suggests that there is a strong selective pressure favoring 

the conservation of several amino acids- It is quite likely 

that at least some of the conserved amino acids are essential 

for a function conaaon to L»-IF and F-IF, perhaps the induction 

of the virus-resistant state in the target cell. These findings 

nay provide guidelines for the tailoring of aodif ied (25) , 

possibly shorter polypeptides possessing certain activities 

of interferon > 

The nucleic acid sequences show an average homology of 
43 % in the domain of the signal sequence and of 4Si in the 
interferon polypeptide sequence. On & random basis, about 
25% of the nucleotide positions should 
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coincide. Withia the interferon coding sequence, the nucleotide 

homologies are acre evenly distributed thas the amino acid homologi 

However, one may distinguish, albeit to a less pronounced 

degree, the same two blocks of similarity noted for the amino 

acids. The longest region without mismatches extends for 13 

nucleotides (cf. 4?th to Slst codon of Le-IF vs. 43th to 53rd 

codon of F-IF). There are, in addition, sequences of 17, 18 

and 20 nucleotides with 3,3 and 4 mismatches, respectively. 

The heteropolyseric 3* -terminal non-coding region of Le-IF 

cDNA has 242 nucleotides, and is longer by 39 residues than 

its counterpart in F-TP c&MA. In aligning the two sequences 

four gaps were introduced to saxiiaise homology, as described 

by van Ooyen et si .^Thereby, several segnents were matched 

with 29 to 41V homology. The introduction of gaps in the alignment 

say be justified in view of the arguments presented previously, 

that introns and non-coding regions of reduplicated genes 

diverge as a consequence of block insertions and/or deletions 

in the course of evolution (23 , 26) . 

It is unlikely that the extent of homology between Le 
and F-IF cDNA would allow meaningful crosshyferidi ration between 
the two species. 

On the basis of our findings there is no doubt that Le~XF 
and F-IF ,'genes are derived from a common ancestral sequence. 
When did the separation of these genes occur? HutBan a and 
& globin show 571 amino acid mismatches, and human g-globin 
and myoglobin! as well as o-globin and myoglobin, 7is% mismatches, 
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If the rate of divergence of interferons and globias is cosipsrsbie 
(however, c£. p* 50, ref. 24, for proteins showing both higher 
and lower rates) then ths separation of interferon ganes occurred 
after that of ssyoglcbic and Keaoglobiss sad before that of 
a- and g-globlns, i.e. ijetwees 300 and 1000 siiliion years 
ago (24), The interferon genaesssy thus be about as old as the 
vertebrates (2?}, 
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TABLE 1 Conservation of aaiso acids is leukocyte and fibroblast 
interferon. 

Number of changes ia codos 
Conserved of conserved amino acids 





F~J? 




aaiao acids 


0 


1 


1>£U 


2.5 


22 


S 


1 


4 




3 


S 


2 


1 


1 


AsK 


12 


, - 6 


1 


1 








12 


5 


1 


3 


Phe 


9 


8 


4 


2 


2 


Pre 


1 


6 


1 




1 


61 N 


11 


10 


3 


3 




Ly s 


11 


g 


3 




2 


Ala 


6 


10 


2 


2 




Glu 


13 


IS 


4 


4 




He 


11 




3 


2 


1 


S&r 


9 


13 


4 




2 


Trp 


3 


2 


2 


2 




Tyr 


10 


4 


* 

4 


I 




Val 


5 


6 


i 


1 




Asp 


S 


11 


i 


1 




Thr 


6 


9 


o 






Gly 


6 


3 


0 






Met 


4 


6 


0 






His 


5 


3 


0 








166 


166 


48 


24 


18 



S 1 



Tfce data are from T&nigucM et al. (ref. 21} and Mantel 
et al. (ref. 19) . 
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.FIGURE LEGENDS 

Pig, X Comparison of the nucleotide sequences of hirasn leuko- 
cyte interferon 1 (le-IF 1} and huisar. fibroblast 
interferon cDNA and of the derived amino acid sequences. 
The sequences are from Mantel et and Tajsifuchi 

ex al. (213* they were aligned to give maximal nosology. 
Identical aaain© acids are framed, identical nucleotides 
are tsarked by a dot. SI to S23 indicate the amino 
acids of the putative signal sequence; 1 to 166 the 
amino acids of the interferon polypeptides. 



Fig. 2 Sisilarity of the nucleotide and amino acid sequences 
of human leukocyte interferon I and fibroblast inter- 
feron. 

The sequences shown in Fig. X were subdivided in 
segments of 8 asino acids or 24 nucleotides, each 
overlapping by 4 and 12 residues, respectively, with 
the neighboring segments. The percentage of coincident 
residues vas plotted as a function of »ap position* 
Open vertical blocks, nucleotides; filled vertical 
Mocks, aasino acids. i-IF, leukocyte interferon cBHA; 
f-IF, fibroblast interferon cDNA; lines, non-coding 
sequences; hatched bars, putative signal peptide j 
open bars, interferon polypeptide , 
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Identification of the Translation Products 

of Human Fibroblast Interferon mRNA in Reticulocyte Lysates 

' Jeun WEISSENBACH. Meiiucbem ZLEVI, Tamar LANDAU, and Michel RbVhL 
Department of Virology. The Weizmaiin Institute of Science, Rehovol 
(Received December 28, 1978) 

' ; .Messenger RNA was purified from human tbresicih fibroblasts FS.ll, a high interferon-producer 
line, after induction with synthetic double-stranded RNA. The mRNA was translated in a cell-free 
protein-synthesis system from rabbit reticulocytes. The translation products, containing biologically 
' .v, active human interferon, were immunoprecipitated by a serum from rabbits immunized against 
; : '••\v,;v\\partially purified interferon. Analysis of the immunoprecipiiate by polyacrylaniide gel electrophoresis 
in dodecylsulfate shows that the product of human fibroblast interferon mRNA is a 23000-M, poly- 
peptide. Methods are described for the synthesis and rapid identification ol this polypeptide, which 
.• ■: should be useful for structural analysis of interferon and isolation of its mRNA. i ■ .v <- < 



Interferon' mRNA from human cells has been 
translated in heterologous intact cells [1,2], in Xenopus 
laevis oocytes [3,5 — 8] and in a variety, of cell-free 
systems [3 — 5]. In all these cases, as found also for 
mouse interferon mRNA [9 — 14], biologically active 
interferons, showing the correct species specificity and 
immunological properties, were obtained. The transla- 
tion of human fibroblast interferon mRNA was re- 
ported to.be low in cell-free protein-synthesis systems 
as compared to oocytes [5]. Use of cell-free extracts, 
such as nuclease-treated reticulocyte lysates [15], 
would however be advantageous to study the proteins 
synthesized, because of the high eflieiency and low 
background of this translation system. This work 
describes the identification by immunoprecipitalion 
and polyacrylamide gel electrophoresis, of a highly 
labeled 23000-M r polypeptide which appears as the 
specific product of human fibroblast interferon mRNA 
translation in reticulocyte lysates. This method should 
allow the structural analysis of this polypeptide and 
facilitate the purification of its mRNA. 



MATERIALS AND METHODS 

Growth ofFSU Cells and Indue t ion of Interferon 

Human foreskin fibroblast FS 1 1 cell cultures were 
established in our laboratory by Dr D. Gurari- 
Rotman. These diploid cells, grown from foreskin 

Abbreviations. Poly(rJ) • poly{rC), poly(inosatc) • poly(cyiidyl- 
aie) double-stranded RNA; NaCI/Pj. phospbalc-bullercj saline; 
Hepes, 4-(2-liydroxyeihyl)- 1 -piporazineeiliaiie sulfonic acid; iricinc. 
;Y-tris(liydroxymeihyl)-meih>l-jjlycinc ; p.f.u., plaque-forming units; 
vsv, vesicular siomalis virus; CM, carbox>methyl. 



explants taken 8 days after birth, were selected among 
15 individual isolates for thetr capacity to produce 
high titers of interferon. The cells were grown in Eagle's 
minimum essential medium with 10% fetal calf serum • 
in 5 % C0 2 , 95 % air at 37 C C and maintained by sub- ■ 
culture at 1 : 5, in 90-mm plastic dishes. For interferon 
production [16], five such plates of cells were seeded in 
4-pini (2.27-1) roller bottles with 80 nil minimum 
essential medium containing 10% fetal calf serum. 
Three days after confluency (8th day) the cultures 
were exposed to 100 ug/ml poly(rl) ■ poly(rC) and 
50 ug/ml cycloheximide in 25 ml medium without 
serum. After 3.5 — 4 h actinomycin D was added 
(1 ug/ml) and 1.5 — 2 h later the cells were washed in 
NaCl/Pi and incubated at 34 "C with 25 ml minimum 
essential medium containing 13 111M Hepes and 6 mM 
tricine bulfers pH 7.5 with 0.15% human serum albu- 
min. After 18 h, the medium, which routinely contain- 
ed 5 -20 x 10 4 U interferon/'ml, was stored at -20 °C. 

Measurement of Interferon Antiviral Activity 

A rapid semi-automated micromethod was used 
to measure the reduction of viral RNA replication by 
interferon. Dilutions of interferon were made in 
96-well liiicroplates in 50 pi medium containing 10% 
fetal calf serum; 50 pi FSI 1 cells (obtained by Viokase 
treatment of 15-day-aged plates) were seeded at 
25000 cells/well. After 18 h at 37 C, the medium was 
removed and 50 pi of medium containing 2% serum, 

0.5- 1 x 10 5 p.f.u. vesiculi ' ^ Mfr ' n 

and 0.075 ug actinomycir 

25 pi medium containing Sugano Exhibit 1007 
[ J H]urjdine (50 Ci/mmol)] Fiers v. Sugano 

Interference 105,661 
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labeled 23000-M r polypeptide which appears as the 
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explants taken 8 days after birth, were selected among 
15 individual isolates for their capacity to produce 
high titers of interferon. The cells were grown in Eagle's 
minimum essential medium with 10% fetal calf serum 
in 5 % C0 2 , 95 % air at 37 C C and maintained by sub- 
culture at 1 : 5, in 90-mm plastic dishes. For interferon 
production [16], five such plates of cells were seeded in 
4-pint (2.27-1) roller bottles with 80 nil minimum 
essential medium containing 10% fetal calf serum. 
Three days after confluency (8th day) the cultures 
were exposed to 100 ug/ml poly(rl) ■ poly(rC) and 
50 ug/ml cyclohexiniide in 25 ml medium without 
serum. After 3.5 — 4 h actinomycin D was added 
(1 ug/ml) and 1.5 — 2 h later the cells were washed in 
NaCI/Pj and incubated at 34 "C with 25 ml minimum 
essential medium containing 13 111M Hepes and 6 mM 
tricine buffers pU 7.5 with 0.15% human serum albu- 
min. After 18 h, the medium, which routinely contain- 
ed 5-20 x 10 4 U interferon/'ml, was stored at -20 °C. 

Measurement of Interferon Antiviral Activity 

A rapid semi-aulomaled micromethod was used 
to measure the reduction of viral RNA replication by 
interferon. Dilutions of interferon were made in 
96-well lnicroplates in 50 pi medium containing 10% 
fetal calf serum; 50 pi FSI 1 cells (obtained by Viokase 
treatment of 15-day-aged plates) were seeded at 
25000 cells/well. After 18 h at 37 C, the medium was 
removed and 50 pi of medium containing 2% serum, 
0.5— 1 x 10 5 p.f.u. vesicular stomatitis virus (VSV) 
and 0.075 ug actinomycin D were added. After 1 h, 
25 pi medium containing 2% serum and 1.5 uCi 
[ J H]uridine (50 Ci/mmol) were added and incubation 
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.- continued for . 6 h. The medium was removed and 

■ 50 uF of 0.1%. sodium dodecylsulfale were added, 
followed by- 50 of cold 20% trichloroacetic acid. 
The content of the microplale was automatically 

j transferred to glass filters in a Dynatech Multimash 
!, where the filters were washed wuh 5 ml cold 10% in- 
[ chloroacetic acid and ethanol. The dried tillers were 
counted in a Tricarb scintillation counter. The 100% 
[ value was taken from wells receiving no interferon and 
[ varied between 10000 and 200U0 counts/min. Wells 

' without virus contain less than 500 counts/min. Fig. 1 
shows a titration "jcurve for a fibroblast interferon 

. standard. The 50 °£ reduction point was obtained at 
; 1-2U interferon/ml. The interferons used as stan- 
j dards were obtained from NIAID (GO23-902-527), 
I 'from Dr J. Vilcek and from Dr E. Sulkowsky, the 
i titers being established by reduction of the cytopaihic 
i effect of VSV. We used the reduction assay for some 
j experiments as well, but, for most experiments we 
[ used the rapid radioactive assay described above. 
I In some cases, a 24-well microplale was used and the 
j procedure modified, so that each well contained 

■ 120000 cells in 0.4 ml. To measure the anti-interferon 
I titer of immune rabbit serum, serial dilutions of anii- 

; serum were added to a constant concentration of 
| interferon (15 — 30 U/ml). The antiserum tiler is the 
! highest dilution which relieved by 50% the inhibition 
of [ 3 H]uridine incorporation caused by interferon. 
\ Controls of antiserum alone were included in the 
: assays. 

; Antiserum to Partially Purified Human Fibroblast 

\ Interferon 

i . ■. ■ > ■■ 

j About 10 7 U of crude FS1 1 interferon were loaded 
ion 5— 10-ml. columns of sterilized CM-Sephadex 




0 t—4 1 I I T~l I ~T T~ 

16.. 4 1 0.25 

Huffun rtterferon {U/ml) 



Fig. 1. Rapid radioactive assay oj' iiiierfeiwi. A .standard solution of 
human fibroblast interferon (64 U,ml) was diluted I :4 in the tirsi 
well of a 96-well microplale and then serially diluted twofold. The 
final volume in each well was 0.1 ml. Incorporation of [ 3 H]uridine 
in VSV-infccled \ cells was measured as detailed in Methods 



equilibrated in 0. 1 M sodium phosphate buffer pH 6.0. 
Over 90% of the proteins were not retained and inter- 
feron was eluted by a 0.1—0.75 M NaCl gradient in 
the same buffer. The specific activity of the interferon 
which eluted at about 0.35 M NaCl was above 10 7 U/ 
my protein. Rabbit serum albumin (0.1 %) was added 
for stabilization and the material was concentrated by 
vacuum dialysis to 2x 10° U/ml. After dilution 1—2- 
fold in complete Frcund's adjuvant, 10 b U interferon 
were injected subcutaneously to individual rabbits. 
After 6—10 injections at 2 — 3-week intervals, the 
animals were bled and the anti-interferon liter of the 
serum determined as above. In one rabbit, a liter of 
100-200 fJ'Trnl was seen at 3 months and after 8 
months the liter was 250— 500 U.ml. Non-immune 
serum was taken from the same animals prior to 
immunization. 

Preparat ion of mRNA 
from Poly (r I) ■ Poly ( rC) -Induced 
and Non-Induced FS1 1 Cells 

Batches of mRNA were prepared from between 
10 and 40 4-pt (2.27-1) roller bottles. Cells were first 
exposed to 100 ug/ml poly(rl) • poly(rC) and 50 ug/ml 
cycloheximide for 3.5 h, then 1 ug/ml actinomycin D 
was added and 4.5 h after the start of induction the 
cultures were rinsed twice with NaCl/Pj. The cells 
were scraped into ice-cold NaCI/P; with a rubber 
policeman and spun down at 1600 xg for 3 min. Cells 
were washed in 10 mM Tris-flCl pH 7.4, 10 mM 
NaCl, 1.5 mM MgCl 2 and resuspended in the same 
buffer (1.5 ml/bottle) with 1 % Nonidet P40 (NP-40). 
After 10 min on ice, the cell extracts' were centrifuged 
ai 1600 xg for 3 min, adjusted to 200 mM Tris-HCl 
pH 9, 50 mM NaCl, 10 mM EDTA, 1.2 mM MgCl 2 
and 0.5 % sodium dodecylsulfale and extracted with an 
equal volume of 80% phenol, 12% cresol, 0.08% 
8-hydroxyquinoline. Alternatively, cells were scraped 
and extracted with 4 ml/boltlc of the phenol/cresol/ 
8-hydroxyquinoline mixed with an equal volume of 
4%, sodium ^-aminosalicylate according to Kirby 
[17]. After repeated extractions, the aqueous phase 
was made 0.2 M in sodium acetate pH 5 and 2 vol. 
ethanol were added. The precipitate was dissolved in 
10 mM Tris-HCl pi I 7.4, 0.5 % sodium dodecylsulfale, 
heated 3 min al 65 C C and made 0.5 M in NaCl; the 
polyadenylated RNA was purified on oligo(dT)- 
ccllulose [18], 25 ug polyadenylated RNA could be 
recovered from 10 bottles. 

Translation of mRNA 

Polyadenylated RNA was translated in a reticulo- 
cyte cell-free system. The reticulocyte lysate was 
prepared according to Gilbert and Anderson [19]. 
Endogenous mRNA was inactivated by treatment 
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with micrococcal nuclease as described by Pelham 
and Jackson [15]. The reaction mixture contained in a 
final volume of 25 ul : 6 ul of lysate, 20 niM Hopes 
pH 7.6,70 mM potassium acetate, 0.3 mM spermidine. 
8 mM creatine phosphate. 2 mM dilhiothreitol, 25 uM 
each of the protein amino acids except methionine. 
10 uCiof [ 35 S]metliionine(550 Ci/mmol), 80- 160 tig., 
ml rabbit liver tKNA, 4 iig /ml creatine kinase and 
0.1 -0.5 ug of mRNA. Reaction mixtures were in- 
cubated at 30 C lor I h. 

Imniuiwprccipitittiun of Translation Products 

Aliquols (e.g. 25 ul) of ihe translation reaction 
were added to lubes containing an equal volume of 
interferon antiserum, or non-immune scrum. Dilutions 
of antiserum were made in NaCI/Pj. After 1 h at room 
temperature, 25 ul of a 10% suspension of heat- 
inactivated, formaldehyde-fixed Staphylococcus aureus 
bacteria [20] was added and the suspension kept at 
room temperature for 1 h. Antigen-antibody com- 
plexes adsorbed to the inactivated bacteria were 
pelleted 2 min in u Mierofuge (8000 xg) and washed 
twice with NaCl/P,. To avoid contamination by trans- 
lation products adsorbed to the tube walls, the pellet, 
rcsuspended in 50 pi NaCI/Pj, was transferred to a 
new tube and recenlrifuged. The pellet was suspended 
in 30 ul of electrophoresis sample bulfer containing 
3% sodium dodccylsulfate, 0.7 M 2-mercaptoethanol, 
10% glycerol in 60 mM Tris-HCl pH 6.8, and after 
recentrifugation in the Mierofuge, the supernatant 
was processed for gel electrophoresis. 

Polyacrylamide Gel Electrophoresis 

For total translation products, an aliquot of the 
reaction mixture was added into electrophoresis 
sample buffer. For tube-bound proteins, aliquots of 
the reaction mixture were added to EppendoiT tubes, 
agitated to produce maximum adsorption and all 
liquid was removed. The tube was washed with NaCF 
Pi and the tube-bound proteins dissolved by adding 
electrophoresis sample buller. Immunoprecipitalcs 
were prepared as above. All samples were healed to 
100"'C for 5 min and applied lo 12% slab polyacryl- 
amide gels [21]. Electrophoresis was for 3 h ai 150 V 
(constant voltage). After electrophoresis, the gels were 
subjected to fluorography [22], dried and autoiudio- 
graphed with Kodak SB-5 X-ray film. 

RESULTS 

Antiviral Activity of Translation Products 

Polyadenylated-mRNA from FS1I cell cultures 
induced by poly(ii) ■ poly(rC) for interferon produc- 
tion was translated in reticulocyte lysates and [ ,:> SJ- 



meihionine incorporation into proteins was measured 
(Table 1). The titer of interleion produced in vitro 
was determined by measuring the reduction of [ 3 H]- 
uridine incorporation m VSV-infected FS11 cells, in 
comparison to known solutions of human fibroblast 
interferon, by the technique illustrated in Fig. 1. As 
shown in Table I, a 0.1 -ml translation reaction with 
2 ug mRNA from induced FSI1 cells, gave a strong 
reduction of pH ]uridine incorporation and an inter- 
leion titer of 250 U/ml, while the same reaction with- 
out mRNA had no antiviral activity. Comparing 
dill'crcnt batches of mRNA from induced cells, the 
inlerl'eron liter obtained varied with the mRNA- 
dependent ['^SJmeihionine incorporation into protein, 
'fable 1 also shows that addition of polyadenylated 
mRNA from non-induced FSI1 cells produced no 
antiviral activity, although the non-induced mRNA 
was as actively translated into proteins as the induced 
mRNA preparation. 

Iminunoprccipilaiion of Translation Products 

Analysis of ihe [ ,:, S]methionine-labe!ed trans- 
lation products by polyacrylamide gel electrophoresis 
show s that a large number of polypeptides are formed 
in response to FSU mRNA (Fig. 2, lane 1, 2). In the 
absence of exogenous mRNA, only traces of globin 
could be seen (not shown). The total translation prod- 
ucts were reacted by the procedure described in Meth- 
ods with serum from a rabbit immunized against a 
partially purified preparation of interferon from FS1 1 
cells. The immunoglobulins were precipitated with 
proicin-A — Sepharose, the Sepharose pellet was wash- 
ed with electrophoresis sample buller containing 
dodccylsulfate and the proteins recovered were sub- 
mitted to electrophoresis on the polyacrylamide gel. 
Fig. 2 (lanes 3 and 4) shows that only a few polypep- 
tides reacted with the immune serum. Comparison of 
the products of mRNA from non-induced and induced 
FS1 1 cells, shows that induced mRNA (lane 4) directs 
the synthesis of a prominent polypeptide, which is 
completely absent from the products of non-induced 
mRNA. The molecular weight of this polypeptide 
was estimated by comparison with known protein 
markers to be about 23000 (see also Fig. 3). 

It is clear from Fig. 2 that antiserum of rabbits 
immunized with inlerl'eron partially purified on CM- 
Sephadex contains antibodies against several other 
polypeptides, but these arc seen in the products of 
mRNA from non-induced FS 1 1 cells as well. These 
antigens may be proteins normally secreted by the 
fibroblasts. Interestingly a polypeptide of M, about 
00000 was seen to be increased in the translation 
products of mRNA from induced FS1 1 but was not 
ininuinoprecipitated by the inlerl'eron antiserum. 

When serum from a non-immunized rabbit was 
used instead of immune serum, the specific precipita- 
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Table 1. Antiviral activity <»/ iiuti.\L.iiuni [iunliivis in vuru 

For experiment 1 . translation reactions with 2 ug mRNA in 0.1 '"I \\cie serulh diluted and assayed lor ;mti\ mil activity in a 2-4-well micro- 
plate in a volume of 0.4 ml well. I or experiment 2. a different .\et ofiranslalion ie.ieliun> were assayed in a 96- well tineroplaie with 0. 1 nil. well. 
The reduction of ['HJuridine incorporation in VSV-infecleil IS 1 1 lcIU »,is mc.isiiicd a-, in Methods and lie I Data Iron) individual dilution 
points are shown. Titers were calculated b\ comparison with standard solutions ol human libioblasl interferon, similarly diluted. The [ J5 S]- 
melhionine incorporation into protein is given for 2 nl of each translation reaction assayed 
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tion of the 23000- A-/ r band did not occur (Fig. 3). This 
was verified with immune and non-immune serum from 
several individual rabbits. The antisera used for 
immunoprecipitation were assayed for their ability to 
neutralize the biological activity of interferon. The 
anti-interferon titer was expressed as the highest dilu- 
tion of antiserum which reduces by 50% the antiviral 
effect of 1.5 — 3 U of interferon in 0.1 ml. Antiviral 
activity was measured in 96-well mierophites by the 
reduction of [ 3 ri]uridine incorporation in VSV-infccl- 
ed FS11 cells, as described in Methods. Fig. 4 shows 
the correlation between the anti-inlerferon tiler and 
the ability of the antiserum to precipitate the 23 000- A/, 
polypeptide product from the cell-free translation 
products. The antiserum wilh the highest interleron- 
neutralizing titer was also the best for immuno- 
precipitation, while antisera which did not neutralize 
interferon's biological activity did not precipitate the 
23000-A/ r polypeptide. No olher polypeptide on the 
autoradiographs showed such a correlation. With a 
serum of anii-inlerferon liter 250- 500 U/ml. the 
half-maximum precipitation of the 23000-/l/ r poly- 
peptide was seen al a serum dilution of 1 : 50 (Fig. 3, 
lane 6). Little precipitation was seen al 1:250 ami 
optimal precipitation was seen at 1 : 10. 



Properties of the 23(MIO-M r Polypeptide 
and of Its mRNA 

The immtinoprecipiialeiJ 23()00-A/ r band has the 
size of human libioblasl interferon. Electrophoresis 
of CM-Sephadex-purified interferon produced by 
cultures of FS 1 1 cells is shown in Fig. 5. Slices from the 
gel were extracted in the presence of serum proteins 
and assayed for their antiviral activity. In comparison 
with known markers, ihe molecular weight oflhe active 
interferon was found to be about 24500. The size oflhe 
product in vitro (Fiji. 3). which appears only when 
mKNA from induced FS1I cells and when immune 
interferon antiserum are used, is therefore very close 
to the size of interferon /// vivo. The small difference 
(about 6'',,) could be due to experimental errors or to 
post-translational modifications (see Discussion). Ex- 
traction of dodeeylsullale gel electrophoresis of the 
translation products /// vitro by the same procedure as 
above, showed thai some biological activity comi- 
grates wilh the 2300O-.W, polypeptide band. Over 10* 
coiinls/min of J5 S-labelcd polypeptide could easily 
be prepared in ihis way. 

During our early attempts to immunoprecipiiaie 
the cell-free product, we observed that the 23 000- A-/ r 
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Fig- 2. Electruplioresis of total uml immunoprecipitaiect iran.iluiitm 
products. A 20-u.l reaction containing 8 — 9xl0 5 counts/min of 
[ 35 S)methionine-labeled translation products obtained with 0.1 ug 
polyadenylated mRNA front either poly(rl) ■ poly(rC)-induced 
FS11 cells (lanes 2 and 4) or non-induced cells (lanes 1 and 3) was 
analyzed. For immunoprccipilation (lanes 3 and 4), 20 ul of inter- 
feron antiserum was added, followed 1 h later by 40 ul of a 50% pro- 
tein-A — Sepharose CL4B suspension. After 1 li the Scpharose pellet 
was washed in NaCI/Pi, the proteins were solubilized in electropho- 
resis sample buffer (containing dodecylsulfate), healed to 100 C for 
5 min and loaded on a 12";, polyacrylaniide gel in dodecylsulfate. 
For total products (lanes 1 and 2), the reaction was heated in dode- 
cylsulfate sample buffer and loaded directly on (he polyacrylaniide 
gel in dodecylsulfate. [- ,5 SJMeihionine-labeled SV40 protein mar- 
kers were run (A/, for VP I = 46000, VP3 = 29000, histones 
= 13000-14000). The position of globin (G) is indicated. The gel 
was fluorographed and exposed 48 h. Arrow shows the 23000-A/, 
band 



Fig. 3. Specificity of iminuiioprecipitatiun. A 25-ul reaction contain- 
ing 350000 counts/min of | ,5 S|meihionine-labcled translation prod- 
ucts obtained with 0.16 ng polyadenylated mRNA from poly(rl) 
■ poly(rC)-induced FS11 cells was immunoprecipitated with 25 ul 
interferon antiserum (lane 3) or 25 ul non-immune serum (lane 2). 
In lane I, a translation reaction with 0.5 ug polyadenylated mRNA 
from non-induced FS1I (440 000 counts/min of [ 35 S)melhionine) 
was imniunoprecipiialcd with interleron antiserum. Lanes 4 — 7 were 
like lane 3, but interferon antiserum was diluted 1:1250 (lane 4), 
1 : 250 (lane 5), 1 : 50 (lane <>) or 1 : 10 (lane 7) with NaCl/P, before 
use. After I h. 12.5 ul of a 10% Staphylococcus suspension was 
added to each mixture and the precipitate transferred to another 
lube and washed with Nat I/Pi and processed for electrophoresis 
on a 10 — 20% polyacrylaniide gel in dodecylsulfale as in Methods. 
IgG heav) chain, ovalbumin, x-chymotiypsinogcn, a-chyniotrypsin 
and cytochrome c were used as markers to calibrate the gel. Arrow 
shows the 23 000- M, baud 



polypeptide has a strong tendency lo stick to the walls 
of glass and plastic tubes. If at the end of the trans- 
lation the reaction medium is removed from ihc tube, 
about 10% of the [ 35 S]methionine incorporated into 
hot-acid-insoluble material remains on the walls of 
the tube. Washing the tube with buffer solutions of 
various ionic strengths does not remove this bound 
radioactivity. The adsorption phenomenon is not 
only hydrophobic, since 50"<, eihylencglycol did not 
prevent it. Use of dodecylsulfate, on the other hand, 
allows the solution of the tubc-wall-bound proteins; 
Fig. 6 (lane I) shows that this material is enriched in 
the 23000-A/, polypeptide. This band is absent when 
mRNA from non-induced FS11 cells is used (I'ig.O. 
lane NI). About half of the 230O0-A/ r band present 
at the end of the translation reaction can in ihis way 
be recovered from the tube walls. This observation 
has several consequences. First, if care is not taken 



to use a large volume with respect to the tube surface 
and to avoid strong agitation, much of this product 
may be lost in the tube. Second, the immunoprecipitat- 
cd material has to be transferred to a clean tube before 
the dodecylsulfate-eonutining electrophoresis sample 
bulfer is added (sec Methods); otherwise, tube-bound 
material may contaminate the immunoprecipitate and 
elevate the background of the non-immune serum 
precipitate. Thirdly, the wall-sticking may be used lo 
detect quickly the 23(X)0-A/ r polypeptide among the 
translation products. 

As an example, Fig. 6 shows the analysis by sucrose 
gradient of the mRNA coding for the 230()0-A/ r poly- 
peptide. Polyadenylated mRNA from induced FS11 
cultures was heated in formamide and sedimented 
through a sucrose gradient. Each fraction was pre- 
cipitated with ethanol and translated in reticulocyte 
lysates. The lubes in which translation was carried out 
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Fig. 4. Correlalion bi'lwrrn imnntnopri'cipiiaiion and tuili-iiiwrj^roii 
liter. A 5-p.l aliquot from a translation reaction with mRNA from 
induced cells were immunoprecipitaled (as in Fig. 3) with 5 til sera 
from four different rabbits taken either before immunization, or at 
different times during immunization with interferon. The anii- 
interl'eron liter of each scrum was determined as described in 
Methods. The area of the 23000 ,1/, polypeptide band was measured 
after gel electrophoresis of each immunoprecipittile by scanning the 
autoradiograph 



Fig. .V i'olvin ryltlinitlf ^cl t'/tt li^jihori-sis in dotk-% t hulJtlW oj hunuin 

fibroblast mu-rji ron. 1 0 4 Li of interferon produced by FS 1 1 cells and 
partially purified by chromatography on CM-Sephadex (see Meth- 
ods) was loaded on a cylindrical 10";, polyacrylamide gel in 
dodccylsuliaie. Electrophoresis was for 2 h at 4 niA/gel. Slices of 
2 mm were extracted with 0.2 nil NaCI/Pi, 1 h at room temperature, 
and diluted in medium with 50'!,, fetal calf serum. The inhibition of 
VSV eylopathic ell'ecl was used to determine the antiviral liter. 
Molecular weight markers were run on a separate gel and stained 
with ("oornassie blue 
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Fig. 6. Sucrose gradient miulyxh of inter/iron mRSA. Polyadettylaicd niKNA from poly(rl) • polytiC'Hnduced FSII cells was dissolved 
in 37.5% formamidc (Fluka). 0.1",, sodium dodccylsuliaie. I mM liDTA. 10 mM NaCI. ID ill M IVis-HCI pi I 7.5 and healed lo -40 C 
for 25 min. About 10 of RNA were layered on a 15 •- 30",, sucrose gradient in 0.5",, sodium dodccylsuliaie. 0.1 M NaCl. 1 inM 
EDTA, 10 mM Tris-HCI pH 7.5 and centnfuged for Id h in a Spinco rotor SWoO.ai 20 C. A total of V) fractions were collected. 5 ut 
tRNA was added to each fraction prior to precipitation with 2 vol. ethatiol in 0.2 M sodium acetate pH 5. The RNA was washed in 
ethanol, dried, dissolved in 20 ul water; 2 ul were used lor translation in 25-ul protein-synthesis reactions as in Methods. The lubes 
were strongly agitated and the lube-wall-bound, | J5 S]i>ielhioiiine-la beled translation products dissolved in electrophoresis sample buffer 
and loaded on a 12/„ polyacrylamide gel in dodccylsuliaie. The 23000-.W, polypeptide, which ennngraied wiih that imniuiioprecipii.iicil 
by interferon antiserum, was seen in ihe translation products of total induced mRNA (lane 1) hut not in those of total non-induced 
mRNA (lane Nl). Without mRNA (lane O) there was no tune-bound radioactive proteins. The products of the RNA from sucrose gradient 
fractions 1 (bottom) to 14 only are shown. £. i o/i RNA markers run in parallel showed thai 23-S RNA sedimemed to tubes 5-d. lh-S 
RNA to lube 8 and 4-S RNA to lube 18. The mRNA coding for the 23000-A/, polypeptide sediments as a 14-S RNA species (sucrose 
gradient fraction 9) 
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were emptied and electrophoresis buffer with dodecyl- 
sulfate introduced. The results of the polyacrylamide 
gel electrophoresis arc shown in Fig. 6 (lanes 1 — 14). 
The 23000- M r polypeptide, which was seen only with 
mRNA from induced cells, is translated from an 
mRNA which sediments at 14 S ( * 950 nucleotides). 
Identical results were obtained when the immuno- 
precipitation technique was used. 

Immunoprecipitation or lube-wall attachment were 
used to follow the 23 000-/\/ r polypeptide synthesis 
under various conditions. We found that 70 mM 
potassium acetate and 0.25 — 0.3 mM spermidine give 
optimum translation. Maximum synthesis was seen 
after 60 min of incubation. When mRNAs were 
prepared at different times after induction of FSll 
cells with poly(rl) ■ poly(rC) and cyeloheximide, it 
was found that the mRNA activity for the synthesis 
of the 23000-jW r polypeptide appears maximum at 
3.5-6.5 h, while it is much lower at 2 h and absent 
when cells are extracted immediately after addition 
of the inducers. 



DISCUSSION 

Immunoprecipitation and polyacrylamide gel elec- 
trophoresis of the cell-free translation products of 
mRNA from human fibroblasts, in which interferon 
formation has been induced, demonstrates the syn- 
thesis of a specific polypeptide of M, 23000. No other 
cell-free product fits the criteria defining an interferon 
mRNA product, such as (a) requirement for induction 
of the cells by poly(rl) • poly(rC), (b) specific immuno- 
precipitation by interferon antiserum and (c) molecular 
size. When compared by polyacrylamide gel electro- 
phoresis in dodecylsulfate, the mobility of the im- 
munoprecipitated polypeptide was very close to the 
mobility of interferon's biological activity. Interferon 
is known to be a glycoprotein [23 — 25] and it is ques- 
tionable whether the polypeptide made in vitro m 
reticulocyte lysates is glycosylated. Carbohydrates 
with Mr of several thousand are attached to the inter- 
feron polypeptide and their removal reduces signif- 
icantly the size of the interferon molecule [25], If it 
lacks these carbohydrates, the product /'/; vitro could, 
therefore, be smaller than mature interferon. On the 
other hand, since interferon is an export protein [26], 
it may be synthesized as a precursor protein with a 
slightly larger polypeptide size than the mature chain 
[27,28]. The good agreement between the size of the 
cell-free product in vitro and interferon in vivo may- 
be then rather fortuitous. Nevertheless, the evidence 
presented here supports the conclusion that the 
23000-A/r polypeptide is the translation product of 
human fibroblast interferon mRNA. 

Synthesis from mRNA in vitro of biologically 
active, species-specific interferon, with proper anti- 



genicity, has been demonstrated by several groups 
before [I — 14]. The aim of this work was to identify 
the native interferon polypeptide chain, synthesized 
in a cell-free system. Reynolds et al. [3] have shown 
that a 25000-.W, polypeptide is made by frog oocytes 
in response to human fibroblast interferon mRNA, 
The technique reported here allows a more direct 
isolation of the translation product and presents 
several advantages. Since translation in reticulocyte 
lysates yields products of high specific radioactivity, 
automatic sequencing of the protein becomes possible. 
Furthermore, purification of the mRNA should be 
greatly facilitated by the possibility of following 
directly the cell-free translation products. 
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•--SWfrlARY" 

We have determined the nucleotide sequence of the human 
leukocyte interferon cDNA-containing hybrid plasaid Z-pBR322 (Pst)/ 
HcIF-2h, which has been shown to direct the formation of a poly- 
peptide with human leukocyte interferon activity (Nagata et 
al., Nature, 198Q, in press). The 910 base pair insert contains 
a 567 (or 543) base pair coding sequence, which determines a 
putative preinterf eron polypeptide consisting of a signal peptide 
of 23 (or less likely 15) amino acids, followed by an interferon 
polypeptide of 166 amino acids (calculated molecular weight, 
19' 390). The coding sequence is preceded by a "(most likely incom- 
plete) 56 bp leader and followed by a 242 bp trailer and 7 A 
residues u-om the poly(A) tail. A comparison of the sequence 
of 35 amino terminal amino acids of lymphoblastoid interferon 
(Zoon et al., Science 207, 527-528, 1980; H. Hunkapiller and 
L. Hood, personal communication) and the corresponding sequence 
deduced for leukocyte interferon revealed 9 differences. This 
suggests that these two interferons are encoded by two non-allelic 
genes. 
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INTRODUCTION 

We have recently described the isolation of a hybrid plasmid 
Z-pBR322[Pst)/HcIF-2h, or Hi£-2h for short, which contains 
a cDNA sequence coding for human leukocyte interferon. The 
hybrid DMA was identified by its capacity to (a) hybridize 
with human leukocyte interferon mRHA and (b) to direct the 
synthesis in E.coli of a protein with properties of human 
leukocyte interferon (Nagata et al., 1980). 

In this paper we report the nucleotide sequence of the 
910 bp insert of Hif-2h. Two AUG triplets and a UAA termination 
codon, all in the same reading frame, define, a stretch of 
So7 or 543 nucleotides which encodes a polypeptide of 166 
amino acids corresponding to the interferon polypeptide proper, 
preceded by 23 or IS amino acids, which may constitute » signal 
sequence. The coding region is flanked at the 5' end by 79 
nucleotides, 23 of which are terminal G residues, and »t the 
3' end by 264 nucleotides, IS of which are terminal C residues. 

MATERIALS AND METHODS 

Plasmid DNA was prepared by method B described in Nilkie 
et al. (1979). EcoRI was a gift from W. Boll and Bspl from 
A. Kiss. All other restriction enzymes were purchased from 
New England Biolabs and used in essence as recommended by 
the supplier (except that 200 ug/ml gelatin replaced bovine 



serum albumen in the enzyme 




was prepared by an unpublished procedure of B. Seed. 
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5 '-terminal labelin g of mia 

Restricted DNA (20 w) was extracted with phenol, precipitated 
with ethanol, dissolved in o.OS M Tris-HCl ( P K 8), and passed 
over a smaU column of Chelex-100. Fragments with flush or 
5 "-overhanging ends were dephosphorylated by treatment with 
0.2 units calf intestinal alkaline phosphatase (Boehringer) 
par pmol DNA S- ends in 200 >U 0.05 M Tris-HCl (pH 8) for 
60 min at 37°C. The enzyme was inactivated by heating 60 min 
at 65°C. For DNA fragments with 3- overhanging ends, bacterial 
alkaline phosphatase (Washington) was used as 'described (Maxaa 
Md 6Ubert > 1977 >' ««pt that incubation was at 65°C for 
30 min. The dephosphorylated DNA was- purified by adsorption 
to and elution from DEAE-cellulose as described (Muller et 
al.. 1978) or subjected to P oly acr ylamide gel electrophoresis 
where required (se e below). Fragments recovered fro* a polyacryl- 
amide (or agarose) gel in 0.15 HNaCl, 0.05 M Tris-HCl ( P H 
8) were adsorbed to a 0.1-mi hydroxyapatite (Biorad HTP) coluan, 
washed with 4 times 1 ml of 0.1 M potassium phosphate buffer 
(PH 7) and eluted with 0.3 ml 1 M potassium phosphate baffer 
(PH 7). The solution was diluted tenfold and the DNA adsorbed 
to DEAE cellulose and recovered as described (Muller et al., 
1978). 

After ethanol precipitation, the DNA was 5 ' -terminally 
labeled with ^«p] ATP C12 . 34 uCi per pmol DNA end) and poly- 
nucleotide kinase .(New England Biolabs or P-L Biochemical* 
Inc.) essentially as described (Maxaa and Gilbert, 1977), 
except that the DNA 
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Ava--Bgl-147. („) Cleavage of plasmid with PvuII, labeling, 
Cleavage with PstI and Bglll, isolation of Pvu.- Pst -486. The 
fragments were degraded according to Maxam and Gilbert (1977), 
with the modifications described in protocols provided by 
the same authors in September, 1978. The products were fractionati- 
on 0.1 » 25 * 36 cm 121 polyacrylaaide gels (acrylamide/bis- 
acrylamide - 18/1) in SO mM Tris-borate, 1 mH EDTA (pH 8.3), 
with runs of 2, 8, 18 and 26 h at 900 V following a 6 h prerun 
at 700 V. Best results were obtained when the gels were kept 
at room temperature 2-3 days before use. 

RESULTS 

1) Physical map of Hif-2h DNA. 

Hif-2h consists of dC-elongated human Le IF cDNA joined 
to pBR322 (Bolivar et al., 1977) which had been cleaved 
with PstI and elongated with dG residues. A physical map 
was prepared by measuring the lengths of the fragments 
generated by single cleavage with EcoRI, Bspl, PstI and 
Mboll and double cleavages with PstI on the one hand and 
EcoRI, Bglll, Bspl and Mboll on the other, as well as with 
EcoRI and Bglll, and EcoRI and Mboll. In addition, DNA 
fragaents which were 32 P-labeled at one s» end, were partially 
digested with a variety of restriction enzymes, and the 
lengths of the labeled products determined (Smith and Birnstiel, 
1976). The resulting preliminary map was used as a basis 
■ for the nucleotide sequence analysis; the map shown in 
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Fig. 1 was refined (cf. also Fig. 3) using the results 
of the nucleotide sequence analysis described below. No 
restriction targets for Bgll, Kpnl, Haell, Xhol, Pvul , 
Xbal, PstI, BstEll, BamHI, Hindi I, Sail, Hindi II, Hpall. 
TaqI, Hgal, Tad, Hpal or Hhal were found in the insert; 
there were single sites for Bspl, Bglll and EcoRI, and 
two sites for PvuII. One each of 4 Avail and 4 Mboll targets 
(marked with * in Fig. 3) was not cleavable by the cognate 
enzyme, perhaps because of methylated bases in adjacent 
EcoRII and Mbol sites. The Mbol sites' were not cleavable. 
2) The orientation of the coding sequence. 

In order to determine the 'orientation of the coding strand 
relative to pBR322 the experiment outlined in Fig. 2a was 
carried out. The hybrid plasmid Hif-2h was cleaved at the 
single Bglll site, 5 • -terminally labeled with [ 32 p] phosphate 
and digested with PstI to yield 336/344 and S78/S70 bp 
radioactive fragments. The fragments were denatured, annealed 
with poly(A) RNA from induced leukocytes, and the mixture 
was treated with Sj nuclease. The resulting products .yen 
denatured and analyzed by polyacrylamide gel electrophoresis. 
As shown in Fig. 2b, a 32 P-labeled fragment of about 340 
nucleotides was protected. In a second, similar experiment 
the labeled fragments were first separated and then annealed 
individually with polyCA) RNA: the 'shorter, but not the ' 
longer probe was protected against S x nuclease (data not 
shown). These experiments identify the 5' labeled 344 nucleo- 
tide strand as the minus strand, i.e. the strand complementary 
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to the fflRNA. Therefore, the orientation of the insert is 
such that the coding strand of the IF cDNA is a continua- 
tion of the coding strand of the B-lactamase CAmp) gene, 
as shown in Fig. 2a. Fig. -2b also shows that poly(A) RNA 
•from non-induced leukocytes, added to the hybridization 
at a similar level as induced poly (A) RNA, did not protect 
the labeled IF cDNA probe. 
3) Nucleotide sequence analysis. 

Hif-2h DNA was cleaved by an appropriate restriction enzyme 
labeled with [ 32 p] phosphate at the 5' termini, and digested 
with a second restriction enzyme to .yield fragments labeled 
at only one 5' end; the isolated fragments were sequenced 
by the Maxaa-Gilbert procedure CMaxam and Gilbert, 1977). 
Fig. 1 shows the fragments analyzed in this fashion. Each 
stretch of the cDNA insert was sequenced from both strands, 
• and each restriction site which served as labeled terminus 
was sequenced using a fragment spanning it. The nucleotide 
sequence thus obtained is shown in Fig. 3. The heteropoly- 
meric-.part of the insert is flanked by 23 G residues at 
the 5' end and by 7 A residues (probably reflecting the 
poly(A) terminus of the mRNA) followed by 15 C residues 
at the 3' terminus. An AUG initiation triplet in position 
57-59 and a UAA termination triplet at position 624-626 
define a reading frame uninterrupted by nonsense codons. 
Both other reading frames contain 18 and 12 nonsense codons 
respectively. The only other sequences flanked by an AUG 
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•Cor GUG) and by a termination triplet, which could code 
for a polypeptide of 25 aoino acids or ^ ^ ^ 

reading frames, between nucleotides 226 and 304, 6 4 0 and 
778, and 683 and 743, respectively. 

Hood and his colleagues have recently determined the 
sequence of 35 amino terminal amino acids of human lympho- 
. blastoid interferon (Zoon et al., i 980; M. Hunkapi U . r 

and L. Hood, personal communication). In Fig. S the sequence 
.of human lymphoblastoid IF C B) is alig„ ed with the amino 
acid sequence determined by the major reading frame of 
the Hif-2h nucleotide sequence (A) such that the amino • 
terminal amino acid of the former coincides with the amino 
acid coded for by the 2 4th codon of the latter. Extensive 
coincidence is found: 26 of 35 positions have identical 
aaino acids. This confirms the assignment of the reading 
frame. 

DISCUSSION 

Cloned cDNA generated from poly (A) RNA by commonly used 

procedures (Efstratiadis et al 19771 wvc e . . « , 

dj... iy//j lacks 5* terminal nucleotides 

and may even contain artifactual sequences (Richards et al., 
1979). It i s therefore not certain whether the first AUG of' 
the cloned human Le IF cDNA Hif-2h, which is located 57 nucleo- 
tides downstream from the 5< terminus of the heteropolyaeric 
sequence, in fact corresponds to the first AUG on the mRNA. 
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Bearing these reservations in mind, we shall assume, until 
further experimental evidence becomes available, that this 



is the case. 



In eukaryotic mmks thg first AUG tripl£t frM s , 
terminus is usually the initiation site for protein synthesis 
(Kozak, 1978). The codon in the cloned human Le IF cDNA correspond! 
to the first amino acid of lymphoblastoid interferon is 22 
codons downstream from the first AUG (and 14 codons downstream 
from the second one) indicating that the sequence coding for 
interferon may be preceded by a sequence determining a signal 
peptide of 23 (or less likely IS) aaino acids. The longer • 
of the presumptive signal sequences contains an uninterrupted 
series of 11 hydrophobic amino acids (and the shorter one, 
one of 6) . This accumulation of hydrophobic residues is character- 
istic of signal sequences (cf. Davis and Tai, 1980). The presump- 
tive cleavage site between signal and interferon sequence 
lies between a Gly and a Cys residue. It is striking that in 
the case of E.coli prelipoprotein, cleavage occurs between 
the same two amino acids (Inouye et al., 1977). It will be"'" 
interesting to determine whether the postulated preinterf eron 
exists, and if so, whether it is correctly processed in E.coli , 
especially in view of our finding (S. Nagata, unpublished 
results) that about 50* of the interferon activity produced 
in li£2li can be released by osmotic shock and is therefore 
located in the periplasmic space (Anraku, 1968). 
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The sequence corresponding to (matuTe) Le IF polypeptide 
comprises 498 nucleotides, which code for 166 amino acids. 
Assuming that there is no carboxy terminal processing, the 
molecular weight of the interferon polypeptide, as calculated 
from Table 1, is 19-388. The base composition of the coding 
sequence is 50V GC; the codon usage within the interferon 
coding sequence (Table 2) is in reasonable agreement wit,h 
that compiled for mammalian mRNAs in general (Grantham et 
al., 1980); the deviations observed may be ascribed to the 
small numbers involved. 

The 3" non-coding region consists of 242 nucleotides; 
this length is intermediate between that of chicken ovalbumin 
mRNA (637 residues) (McReynolds et al., 1978) and rat insulin 
mRNA (53) (Ullrich et al. , 1977). The high AT content (691) 
is similar to that found for the corresponding segment of 
mouse 0-globin minor mRNA (63V) (Konkel et al., 1979); the 
AT content of eukaryotic 3' non-coding regions range from 
94i in mRNA yeast mitochondrial ATPase (Hensgens et al., 1979) 
to 42V in bovine ACTH-SLPH mRNA (Nakanishi et al., 1979). 
No striking homologies to 3* non-coding regions of other mRNAs 
were noted, except for the AATAAA(AC) sequence 18-27 nucleotides 
upstream from the poly (A) sequence, found previously (Proudfoot 
and Brownlee, 1976) in almost all • eukaxyotic mRNAs axaained, 
at about the same relative position. 
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. _ The comparison of the first 3S amino acids of lympho- 
blastoid interferon (2oon et al., 1980; M. Hunkapiller and 
L. Hood, personal communication) and the sequence deduced 
from Kif-2h (Fig. S) shows 9 differences. In all cases, the 
codons for the differing amino acids could be related by one- 
base changes. The amino acid compositions (Table 1) determined 
directly for lymphoblastoid interferon on the one hand and 
deduced from the Hif-2h sequence on -the other, show striking 
differences in regard to their content of Gly, Pro, Cys and 
Met. These differences are too large to be explained by poly- 
morphism; most likely we are dealing with the products of 
two non-allelic genes, since the degree of divergence of the 
two proteins (261 mismatch) is similar to that between, for 
example, human and sheep fl globin (2M mismatch). We have 
recently surveyed our human leukocyte cDNA clone bank and 
identified a hybrid plasmid (Z-pBR322(Pst)HcIF-H-206, or 
Hif-11206 for short) which also directs synthesis of interferon 
activity in E.coU and has a different restriction pattern 
than Hif-2h (M. Streuli and M. Schwanstein, unpublished results), 
This clone represents a second leukocyte interferon gene (Le-IF 
II), differing from the one (Le-IF I) which corresponds to 
Hif-2h. The amino acid composition of an IF preparation from 
human leukocytes (Rubinstein et al., 1979) agrees somewhat 
better than that of lymphoblastoid IF with the amino acid 
composition deduced for Le-IF I (Table 1). 

Taniguchi and his colleagues prepared cDNA from induced 
fibroblast poly (A) RXA and selected presumptive interferon 
cDNA clones by hybridization techniques (Taniguchi et al., 
1979). The nucleotide sequence of one such clone was determined 
and could be correlated (Taniguchi et al., 1980) with the 
sequence of the 13 amino terminal amino acids of fibroblast 
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interferon (Knight et al., 1980). The striking structural 
homologies between the leukocyte and fibroblast interferon 
cMA sequences will be analyzed elsewhere. 
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Aaino acid composition of leukocyte and 1^- 
blastoid interferon. J 



Hif-2h cDNAb] 



Leukocyt 



AsN 

Asp 

Thr 

Ser 

GIN 

Glu 

Pro 

£iX 
Ala 

Val 

Met 

lie 

Leu 

Tyr 
Pile 
His 
hys 
Arg 
Trp 



6 
11 
9 
13 
10 
IS 
6 
•3 
10 

s 

6 
6 
7 
22 
4 



12 
2 



IS 

8 
11 

27 

11 
U 
11 

2 

8 

3* 

7 
18 

4 

7 

4 
10 
10 

1 



IS 

7 S 
8 

24 

6 

S.S 



9 
22 
5 
9 
3 
12 
7 
1 
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TABLE 1 (cont.) 
"a)"" 



Values believed to differ significantly are underlined. 



b - ) From Fig. 3. 



C) Fro ffl Zoon et al. (1980), except for the value marked 

with which was fron L. Hood (personal communication), 
d hxom Rubinstein et al. (1979). 
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age in the interferon coding sequence* 3 . 



Codon " 


all MAM 


IG 


MAM-IG 


Le IF 


Arg CGA 


2 


7 


0 


6 


CGC 


9 


4 


12 


0 


CGG 


6 


3 


8 


0 


CGU 


7 


1 


9 


0 


AGA 


6 


12 


3 


36 


AGG 


11 


9 


11 


30 


Leu CUA 


8 


11 


7 


6 


cue 


24 


26 


24 


48 


CUG 


SI 


16 


68 


42 


CUU 


7 


■ 7 


7 


0 


UUA 


4 


11 


1 


12 


UUG 


7 


10 


6 


24 


Se r ur A 


XX 


24 


5 


12 


ucc 


20 


17 


22 


24 


UCG 


4 


1 


5 


0 


UCU 


17 


29 


11 


24 


AGC 


21 


27 


18 


18 


AGU 


17 


33 


9 


0 


Thr ACA 


13' 


26 


7 


18 


ACC 


25 


30 


23 


24 


ACG 


7 


4 


9 


0 


ACU 


19 


36 


11 


12 
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• • TABLE 2 (coat.) 



Pro CCA 


. 12 


20 


7 


6 


... -ccc 


18 


13 


21 


12 


CCG 


S 


5 


9 


0 


ecu 


13 


13 


12 


18 


Ala GCA 


11 


20 


6 


12 


GCC 


34 


22 


40 


18 


GCG 


S 


1 


8 




GCU 


23 


21 


24 


24 


Gly GGA 


10 


20 


5 


12 


GGC 


28 


16 


34 


6 


GGG 


11 


9 


11 


0 


GGU 


18 


25 


15 


0 


Val G0A 


3 


5 


1 


0 


GUC 


16 


23 


13 


12 


GUG 


35 


17 


44 


18 


uUU 


7 


7 


7 


6 




15 


17 


14 


24 


AAG 


45 


24 


56 


24 


Asa AAC 


29 


29 


29 


24 


AAU 


10 


13 


9 


12 


Gin CAA 


10 


11 


9 


12 


CAG 


32 


30 


32 


48 


His CAC 


22 


8 


29 


6 


CAU 


10 


11 


10 


12 
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TABLE 2 (cont.) 





' GAA 


22 


21 


2'3 


36 




GAG 


36 


23 


43 


S4 


Asp 


GAC 


27 


22 


30 


36 




GAU 


18 


23 


16 


30 


Tyr 


UAC 


20 


20 


20 


18 




UAU 


IS 


17 


14 


6 


Cys 


UGC 


12 


6 


16 


6 




UGU 


n 


18 


8 


24 


Pbe 


OTC 


33 


30 


3S 


24 




UUU 


16 


13' 


18 


24 


He 


AUA 


4 


7 


3 


0 




AUC 


20 


21 


19 


42 




AUU 


11 


18 


8 


0 


Met 


AUG 


16 


14 


16 


36 


Trp- 


UGG 


16 


25 


12 


12 



J The values axe expressed per 1000 amino acid residues. 
The data for "all MAM" (compiled from 18-' mammalian sequences), 

"IG"(6 immunoglobulin sequences) and "MAM-IG" (12 non- immuno- 
globulin mammalian sequences) are from Grantham et al, (1980), 
those for human leukocyte interferon from Fig. 3. 
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FIGURE LEGENDS 

Fig- 1 Strategy for the determination of the nucleotide 
sequence of Hif-2h DNA. 

The restriction nap was determined as outlined 
in the text and subsequently refined using the results 
of the nucleotide sequence analyes shown in Fig. 
3. The filled circles represent labeled S" termini, 
the solid arrows indicate the sequences read off 
the labeled fragments. The dashed lines represent 
regions not read off a particular fragment. Black 
box, interferon coding sequences; hatched box, putative ' 
signal sequence; white box, non-coding region. Straight 
lines, hoaopolymeric dG:dC flanking regions; wavy 
line, pBR322. 



Fig. 2 Determination of the orientation of the Le IF coding 
sequence. 

(a) An outline of the approach. Hi£-2h DNA 
is cleaved asymmetrically within the IF cDNA sequence, 
at the Bglll site. The 5' termini are labeled with 
(filled circles) and the DNA cleaved with PstI . 
. The labeled fragments, either separated or not, are 

denatured, hybridized with poly(A) RNA from IF-pro- 
ducing leukocytes, and the mixture digested with 

nuclease. If the coding sequence has the orientation 
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■ . RHA were added and the nucleic acid was precipitated 

■ with 2 vol ethanol. The precipitate was d.,solved 

in 5 «1 901 foraamide, 2 m EDTA, O.OSS . broaophenol 
blue.O.OS* , y ie„e cyanol, and a„aly 2e d by electrophoresis 
through a £i P olyacryla B ide gel as described (Weaver 
and Weissaaa*. i 979 ). Autoradiography with an Ilford 
intensifying screen was for 18 h at -70°C. Lane 
1, PBR322 cleaved with Bspl and S • -terainaHy labeXed 
a* marker (S „teliff.. 1978); lane 2, the untreated 
labeled probe; lanes 3-5, the labeled probe hybrids* 
. vath 0.5, i.s and s Mg uninduced poly£A) mt respecUvely 
lanes 6-8, the labeled probe hybridised to 0.5, 
1.5 and S ^ induced poly (A) RKA, respectively. 

FiK. 3 The nucleotide sequence of Hif-2h IF cDNA. 

The nucleotide sequence was determined as indicated 
« the Methods section. The amino acid sequence 
was deduced froa the nucleotide sequence; lower 
case letters indicate the putative signal polypeptide. 
The Mbol sites as well as the restriction targets 
marked with • were not cleavable. 
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' m,* • Aut o radiograffl of the sequence gel showing the presuMd 

signal polypeptide coding regiQn and beginning 
of the interferon polypeptide. 

Fragment b (Fig. 1) was degraded as described 
xn the Methods section and analyzed 0n a m ge l. 
The runs were for 2, 8, 18 and 26 h at 900 V. The 
four lanes for each run show, from left t0 rightf 
degradations specific for G, A*G, Wand C. Because 
of methylation at EcoRH sites, the Cs fflarked with 

asterisks are present as gaps in this se quence. 

Their existence was confirmed by analyses of the 

other strand. 



Fig. S 



Comparison of the amino terminal »„• 

mxno terminal ammo acid sequence 

of lymphoblastoid int»Tf. T „. , A . . 

oxq interferon (determined experimentally) 

and leukocyte interferon (deduced fxoa the Hif-2h 

cDNA nucleotide sequence). 

The leukocyte interferon sequence (A) i s from 
Fig- 3; the lymphoblastoid interferon sequence (B) 
" fTOm Z ° 0n et al - («80), and H. HunkapiHer and 
I. Hood (personal communication). Dashes indicate 
identical amino acids. 
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Fig. 1 
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Fig. 2a 
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Fig. 3 
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after SUS-peiyaesrynHmue csee- 
««^jhorcBi. the eiuate should be ccntri- 
fagcd « 20.000 rev/min {SorvaiS SS-34 
r otorl for 20 minutes to remove particu- 
late matter before dialysis, Coamaxsie 
hlur staining of the gels to locale protein 
hands does tw« interfere wish M»hM.-qtscni 
seqtteaalor analysis. 

N«» technologies s>ttch as the im- 
proved amino arid wqutmctftg method 
described above lead to new research 
opportunities. With the greater sensitivi- 
ty provided by this technique, we now 
can obtain amino acid sequence informa- 
tion un both proteins and peptides with 
submicrojsram (picomok-l quantifies. 
This sensitivity should permit analysis of 
biomedieuJly relevant molecules— such 
as the interferorii— thai curt only be ob- 
tained in microgram quantities, and this 
ability opens possibilities for further 
study of these .vtoStfcules, For exumplt. 
Scnou ledge of the amino acid sequence 
permits the synthesis of corresponding 
DNA probes and opens she possibility of 



new strategic* iw ssosaung gese*, men 
as those for interferons,, that express low 
levels of messenger RNAV (<Y), 
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Divisitw nffii/'hiicy. Culiforttia tmihme 
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2t NovewtKf !V» 



Human Fibroblast Interferon: Amino Acid Analysis and 
Amino Terminal Amino Acid Sequence 

.Abstrac!. The pitrifieutUw of hn nuw fthrnhfust interferon hits keen simplified u> a 

ft: <>• *. 'v",rr- p'"< i-J-:: r i W/:t ; /'J !ijfy;t:)'\ rit/i^r.ijii/^fit/Viv t'n BhiC Srtv;<:rt><>r iir.si 

•:!}:>.■<, thhh-i yf lulfiilc rxut.»:ij /.•• i.*r/ f'Cjv.'i-'.'fMi, >4 l : n>t!<;>t<<:ry <;;>*<;><< 

nenl <VM«/«»i«»>« /Ar irtfttrnce "J the tJ ummffenttimti rctuiuei uf hi'Mose* 
«'•.••.( > irilrtfcrifn '^fpttrrtf fry //»('.> /^i ''w< to rcp»rie<l 



Since the discovery of ia;«fett»ft. its 
pufifcatiisn and chemicai chnrtictcr- 
tjation have been primary $oul* of intcr- 
fefott reiuyrch. Although ihcir ust.tifi- 
fiseni htw been slow bcca»M: of the small 
QW>mti<itf« of interfeiO'! proteins avail' 
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F%. 5. {a> Ffseu»fi»iic>ri of emiSt inttff«ron of 
j Iwpf cebmn of 8:ye Sc^hafyse, Ekificts of 
intertVfon »i<h pctccm ethylene clyeo! in 
i^isrWR bsifk-f K'gifi* at (Rtctkxt (hi S«»di 
Blue StTh.m-ov fn;;i>mv "> )>; |? jn 

(ji ««rfc fNn>tcJ. piswrJ thuniKh ii'.f sni,>Ei col- 
umn. yn«J c!u!rvJ with -M> percent «!h>teni 
wS in ewturon hutt'tr ifruciiuni 1 in ^(}>, 

STW.'^'l, \<ii. Xl7. t Ff ttftCARY t««U 



able, purification to bort".;;~-..-:sci' y has 
now been achieved with some inter- 
fcronv However, only microgram quan- 
tities huvc t>sv'' av.iiuihte for t'h:ir;ts;ier- 
i^itittn — hitowfl fihrohbst ir.terfeuMi (/. 
J), human i>inr<lto!>Ui< 1 k)i\l inti.-t'teroo tii, 
human leukocyte intctferon i J ). ttwuise 
ifitciftr,')! (51 — and only !fn:»k'»' viroetyr- 
Ml inf<ir«!;iti!<n bus hcttn aeijftif «! i4 . r>!, 
A ih-.Kouj.-h wndei^UifHbite. ;<! ih-.: mo- 
ieeoiar level of the nutnennts p |icno>ttcn3 
that arc c;jus«<I by interferon is coifs in 
culture and in animal* will no! be pus- 
sihie until the elucnlaikm of prinwry and 
secondary »ir«clwrcs of the interfecon 
priitcins is achieved. This stmetttra? w- 
fornuiiion will permtf (t> curoparison of 
amino acid sentences of interferons 
from various eel! type* and animal xpe- 
cie-. tit) identilieation of the polypeptide 
SCgfTiersis involved in bindinj; to inter- 
fefon-speetfic ccli-sttrfice reecfiurs. and 
titil chemical synthesis of infetfoons. 

Wv nos* HT^'fl ;>rt improvetl puKcthtre 
for the nufiSicatum of luattan iM'tohUM 
interferon tliat can be us-cd to piovid'e 
enorssh protein for strueittr.il >>tsjdii?s. 

co^*sic*«>f);o(«<;'5wo«i c<w%tu two aaaS 



usits tnc ausomsico prptetn micrcv 
sequencing tcchriiqoe de?>cr(he<j in {?t, 
we have determined the sequence of 
She 13 amino acid residues; at the amino 
lerasintss of the interferon prepared by 
this method, VVe aNo reptir! a preSimi- 

> iuisitist iJCti! <. <:;;:p;- -i:»>n of tlic f> 

SO! !1. 

itiiinatt s'tp'oul SihroWust cell* tl-'S-4> 
(A-et'e eultureti and interferon «.'is pti v - 
duced {/). Interferon was* assayed by a 
mfcrotecfcmqttc t."?! »-tJh vesicular 
lifts virus as the ch-dienee virus, inter- 
feron units arc pven in Xoiioms! insti- 
tutes of Hcailft humon librobiaM inter- 
ferofi units. 

The crude interferon. SO to 15 liters 
produced in the absence of scrurn, wai 
made JAf in NuCS 30d passed at rocm 
tempera to re through a column (4 by 19 
cmKsf Blue Sepharose (Ph.irfrsada. fnc.} 
equilibrated siit:i 0.Q2M sodium phti- 
phaie buffer. pH 7.2. eont-jinttig l.t/ 
NaCI. The interferon waj retained 
whereas more than V5 percent of the to- 
tal protein passed through the column. 
The interferon was ciuied with a mtAture 
of the eoiumii butler and eth) Scnc giyco! 
?! '-15. and each fraction was dtfofed tm- 
rjiediatdy with 0,5 volume of the buffer 
f Fig . la}. Fractions eonSaising interferon 
activity were r«5»>ied, ddutcd \*ith two 
vsifunves of the column buffer, and 
passed through a :sm;s!i S t by n cm) BSitc 
Sophatostf cotumn for concentration, 
1'be intet'foon v-^ cluted as Oescrihvd 
above (Fig, lb). 

Fniciiosis eontatninj; interferon were 
pooled, dialywd against i m-W tm-HO, 



T.ihte t. 


A mini* uti-J 


CAirn?n'sitH*n of h^man 




intertV'ef;. 








Coinpsi^kion 


Arsimii 






lie ill 




Residues per 




parceni 


i ;0,ti*kseai(virts 


Asp 


ti.f 




Thr 


-t.y 


f>,K 


Set 


t>,; 


tt).5 


Giu 


)5,9 


27.0 


Pr« 


i.f> 


3.7 


Gly* 


*.(> 


?.S 


Ala 


J.9 


10,0 


Cys' 


1.0 


J, 7 


Va! 


3.5 


&.f> 


Met 


t-7 


2.9 


Iti.* 


5J 


9.9 


i.eu 


t:,o 


10.4 


Tyr 


4.4 


?,5 


phe 


5.5 


9.4 


Hi* 


s g 


4^ 




6.S 


H.& 




bA 


10.9 


Trft 


«,t> 


t.O 



Board Assigned Page #1349 




>■>£. 2, !::) I\'p.i:,!'iu' OiCCTSef-h.-K'M- >*fi«tef- 
fsfon, ;n.'iii i!v psoti!c l't;t<:4»ws.fvtii J J in 

lit ei.v:>. ::-:*:. ve--* * n •< rv»Jv/'Cr> stab 
Cet. 0 7"^ sum ths,.-t. i i-i itrstl H wfre 

f-K-a-U ,tr>ii pfevC-NC-: .!::>:>*.. iit'id -o^K-nt'' 
irt&, ihf !%<i; .iv";**> :.»m:.:;- sbh ^oi. -.i.-lrti^t.' of 
proteins rimed (fern ptvpannws jjd in 4a). 
Afip:t»\;:r..aWy fvfvVftl iHe proicih if! 

fractUm* M and 15 fa! «m subjected to elte- 

irvphts'e*-- \-..:>f-..-J 1 .;irV\ t jr. J 3, s:;;n- 

datti jwt«f«««i Una 2. interferon. 



pH containing 0.02 percent sodium 
dudeeyi MjJfaw {SOS. Bio-Rad «k»c- 
irophi vests £fadei, ;iiiJ concentrated to 
dryness in a vacuum ccnjrtli^e. The in* 

leri'eron >* - as then subjected io elee- 
tn>ph.wcsis on ;i Sl>K-n«>iyaery (amide 

•■htiy^cS and e!>:tcd (Fie.. 2ai. S-'r.ie!!ons 
elated I )<-<:'. wcr 1 assayed for in- 

(•.. : feio'. activity ti-'iy. 2ai, Approsimate- 
ly ;;. 2 f,y. t>; inteit'emn from (tic fv.:>. 
iivt: > traction was subjected hi vice- 
tj\»r>htire\!> tn this vysjem i:jx<»i rs. and the 
yci stai».eJ »>lh CtHtm^ssie blue 

irte., 2h). 

The pfeparasive eiecirophtiresis Shsc- 
in'n\ com,-, vn.i', interferon were »-.K>k > «J 
ciftJ eenirifiieed for 50 minutes aj 50.000 
revmin ;:f -'<.' to remove poiyaetytaniide 
eel p„;i tick's. The interferon solution was 
dbkjicj tits! aeitins! O.J.VVf NaCi eon- 
tasrirse 0. ! percent SDS and (hen against 
0,sC percent 5PS The di«iyz«d inter, 
t'efw* concentrated tu dryness in a 
v;>cwon» eentfifttec, 

Thi". purification f>rucvU«!tc i\ Mf»f>icr 
jnj vfu»f«v-r Jh.in sh.j! t.'eseribcij pre- 
vi. ■>:>-.:> t/i kvVovefJe-N horn Jhe i.irjie 
Seph,iri»ve coSiimn tusve run^v-ii 
f/n.n Mi tv> MK) pefeeni, ;ifi4 tht^e from 
ihe *t>iLtil s,<<!m!in appttt;teh ff*i> fHTeenl. 
'! he iiuetii.'H'ir! t? >■ iu : U;«iti) eiitieii 
fdtni ttieve enlmrirtv ix mmHc li'i al kiKt 4 
»cekN. at 4T in l.W Sail. ?5 percent eih» 
eiene j;Kci>t. pH 5.2. Rwoveries of »c» 
livsiy s'mm the SDS pek k(Ve r.m;:^ 
fwm 5 !u 20 pefcsm. znd -{vesiie activi- 
ticv of (hi\ protein have ranged from 2 x 
JO" u> S x i0" U;m£. Accurate specific 
gctiviites arc difficait it> detcnnifie. and 



5 < 

? 18 13 

Gl^-Phe-leu Oln-Afg Sf.'-Ssf ■ 

F«g. 3- T>>s u-Tiim>»senT!ifi;t) aminti »e»d sequence 
t?f hs.im.tr. t*:j>;;>h;..^{ irsii-n'Vro:; 

tv. v >- So foorfokf di!Terer>ce\ above • s 
t(s* U«mg are pn'hahty m>t meaningful. 
Overall yi^Ux of fiyfiliev' inierforun frorn. 
i(V i» (5-iitcr tosrhei of crmk matefta! 
0 x i0 r io 7 s i<| r toEai ttniti. K x 10* 
U/ragS have avenigcd around 10 percent. 
Th»\ giv«i 5 Ut id *ig of homogertaosjs in- 
terfernn. 

Amino acid an»1y^^ on 1- tu 2«fig por- 
ji«M>N w;n perf<irmeJ s)fi a Dorrum D-500 
amino adtJ ;»n;»lj'*or {Tahfe !K Autv>- 
muteU EtitRun degradation on 0 4- u> 2- 
tN'riH.;:^ tsf (he purif;eil tn'erfcron «.'3S 
performed on a spinning c<!p ^equcrscstor 
(7t, PiicrtyifHiiihytiiititoio if'ttii amino 
acuiv were iJemifiei! by high-perform- 
ance iRjttk! chtomatography iHPLC}or» 
a f>n font Zoih.tx CN !;o*i!(nn i'^i- 

The <-eqttence of ihe (3 amino termma! 
amino ;«eij re^jJucv «»f hum;m fibrohLssi 
mteifcttm was determmed by this micro- 
settiiencin^ tcehntttue tVi^. }}. Yiolris »f 
S*(ri nvethionine at eycie f f<» iiirce \c- 
quenat4>r runs rangeil iVotn 60 u> !tX! f>er- 
eeni Jktsed im protein iie('.:nr.tfi:<!ion by 
amina acitj aretiysisj, and the sequencer 
fepetiitws" cycle ykWs were 92 to VS per- 
cent. Any unhtockcsl minor peptide se- 
qiicn.e present a! > 5 percent of the re- 
ported sequence cooid h.:vr beers detect- 
ed by the methods used, hui nam has 



homogeneity of the interferon ex.- 
peptide preparation. 

Determining the amino scit! seqyer 
of a protetri is essentia! its order to iiisr 
(y its active site and io understand ! 
moiecuiar meehanisra of action. Co 
partson of structure! feaiures of iw- 
ferons from different species and frt 
dtiTerrr.t «U types within an sntnsal « 
prove or disprove whether they are d 
ferens protein*. If there an active & 
con-stnon io at! wwerferons. it should 
ideftt!S"iaWe by comparison of the ami- 
»eid sequences. Compari»»n of the ami 
termiiist setjoence reptrrtcd here for h 
man fshrohtisK! interferon «!oes not »$ y 
reveal any apparent homology with t, 
amino-terrrtvna.i sequence rcponed for b 
man lymphoblastoma 1 interferon (!( 
However, there is Simtted homoSogy 0 

0 residues, identicals with the 37.00 
(JaUoti mouse Ehriich ascites cefi inu 
feron {//). 

E. Kt*tf?wr. j 

Cr/it'v! Rcti'iin'h iS Dev*h;pment 
Depi>rtme»K £■ L du P»n! 

W[!i!siit*>tsm. Brian-arc <*V.V4W 

M. W. K«NK*nuE 
Dii-hio/i i'f BtiiitJgy, Cuftfttrma Jfi.ttsUttt 
nfTt'efwnti'xy. i'itxudvntt VtiCV 

B. D. KoKAKf. a. W. F. Ham>* 
Central Catarrh £. ih- \ <-<i>pa>rt:; 
Dcfiiirtwrn! , Si, t, ih> f'utt;" 
uV Senuwrs t£ Ciititpuny 

l>- E. Koo; 

tO.'f; < inn t>f (■>):■■') >.!?v . 

Cf-': ! -/'"''''" : Institute <if Tcchntthtgy 

■* tnttt and Kst« 

1 i: KR:pfH. !f . P,nt Not! Atoll. Sri. VS.- 

f.i. t.;o t 

J w Ei=ns:-i:i l." Tsn. V. ft £■■>.' Chf> 

ist. s:iv.nv;m. 

3 >v C. Zw. M £ Smith, f*. J Bftdjtn. ti. t 
NtitCiK. (_". 8 AisfiRltn.^if . Aruu, if 
t/.i A., m rrcsv. 

4 M llit-arav!:!. S Ru('in<!cin. f- C. FmAI 
R -i ^til!-:. A. V>'J--rvafl. S I"tlliti,/*«J ? 

5 i. K.:!,-M J/.v' >!.,■: ikf«l uo.-f<9(t«: 

j.i ::• .>- '.' st y. t^i..-^, r t 

L*»(>ii ' r>- ! (■'•■■«.■ «J. JMtlWr J t 
M.i^-.iv Gvt.'^'vJ M C Tt>v^f> . t Gfc^«'" t 

i\ Mitin. '■.,»»'<- f^Nij..^) f t«j!i 

6. tf iJ-p>. ft rnu. ft. J fiuv/c.T. O. Kt«>f« 
K. s%<ttu)j>\. i-., Sirtittfy. W. tt KittMfixtKrK. i 
t i-ni;v..t ( .';..>.' ( n< JM. >(s»l (t<mt_ Y. }- 

f Si.:u>..,t. W. tirdh-nlj, t(. S»i:h-J, 
h„.-...^t.. <• Jon ,(.„/. . p. «(K>7. 

7. M vd Itiml jo^Sc-r L. Sr.. HtwJ, IdVnr 

S. J. A. Asmvtfimp. Appl. AfVrn*^*-/. T3 

» K. t J t; r,n^-r:. M «f Hufti.sp.;i(f. !_. £. H«X 

Attn' i'::.- ft, -**., tn yKBrvt". 
tC n C 7js>:.. Si t. St::'* P SnJjsn. C t 
Art(vj>\i:i). M W. HuKt-Mxhrr.. t-. £. ft<MK 

It. H Ti,f».- x. i. Brawn. 8. M iiywu», t 

L<t)i>(^. Si W. >! K f:s*?.Bif. J.. £. Mo*!.,i*'(/ 
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Resulting E,"agment 
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cc-rcc; 

38 8 4 30 



Atu 81 sites 
ic2) 
ic.2) 



in I 



ya ,led accord*^ ^ ^ 



h : 



389 29"? 



0 

G 

GACGCC 
23 7 

0 



(c2j 
(c2) 
(c2) 

:nt sizes : 



Resulting 

-r r .bled according — • 
* 562 288 



GGGCC 
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id) 
(cl) 

(cl} 



Resulting tragment sizes : 

555 295 
Taoled according to length : 

555 2 95 



Ava X sites in 1HTERFSK0S 

CCCGGG (ci} 
0 

CTCGGG (cl} 
0 

CCCGAG (el) 
0 

CTCGAG (Ci) 
0 

Resulting fragment sizes : 
8 50 

Tabled according to length : 
350 



Ava II sites in I NT£RFE80tf 

GGACC (cl) 
55 5 

GG'i'CC (cl) 
0 

Kesultinq fragment sizes ; 

555 lh 
Tabled according to lencttn r 

555 2i?5 



Ava III sites in IisT liKFiifiOS 

AfGCAT (CXO) 
0 

Resulting fragment sizes : 
8 50 

Tabled according to length : 
8 50 



GGACC 

555 
GGTCC 
0 

GGC 

' 0 



Avr li Sites in INTERFERON 



CCTAGG {CXO} 
0 



2 



Board Assigned Page #1 352 



«3- 



Re suiting £ raqr.en •.: sizes ; 
850 

Tabled according to length : 
8 50 



hlu I sites in XNTERFSROtf 

AGCT !c2) 

118 131 183 264 

RssulLinq j: ragmen t sizes : 

119 13 52 il 595 
TaDied accord inq to length j 

585 119 HI 52 .13 



3am HI sites in INTERFERON 

GGM'CC - ( clj 

0 

Resulting fragment sizes t 
850 

Tabled according to lenqtn : 
2 SO 



Sfov 1 sites in lilt ERFiSRON 

OCTGC (cX0> 
26 5 

GCAGC (CXO} 
162 262 268 

Re salt inq f raqitsent sizes : 

idl 10U "j 3 Sd3 
Tisoled according to length ; 

5WS 161 100 3 3 



Bel. 1 sices in lrii*£k?£ftCM 

TGATCA (el) 
0 

Resulting fragment sizes : 
850 

Tabled according to length : 
850 



Bgi II sites in INTERFERON 
AG A 'PC? (cl) 



3 
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Resulting fragment sizes : 

629 221 
"fabled accord inq to lenqto : 

629 221 



GGTGACC 
0 

GGTAA.CC 
0 

GGTCACC 
0 

GGTTACC 
611 



3st till sites in XNTL'RPSRON 
(cl) 
fci) 
{cl) 

(cl) 



Resulting fragment sizes ; 

611 239 
Tabled according to length : 

611 239 



Bal I sites in INT ERF £ ROM 

TGGCCA {e3) 
0 

Resulting fraqnenc sixes ; 
8 50 

Tabled according to lenqth : 
rf50 



Cla I sices in I NT ERF£ROr4 

AfCGA'P (C2) 
0 

Resulting fragment sixes : 
8 SO 

Taoleci according to lenqth : 
B 50 



Gau II Sites in JJ-U'ERRERiM 

CCGGG ic2) 
0 

CCCGG (c2? 
0 

Resulting fragment sizes r 
8 50 



4 
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Resulting fragment sizes : 
850 

Tabled according to lengtn : 
850 



Pvu II sites in INTERFERON 

CAGCTG (c3) 
263 

Hesultinq tracment sizes : 

26 5 53 5 
Tabled according to length : 

SO 5 2o5 



P st I s i te s in I WTEBF £ .ROM 

CTGCAG {c5) 
266 

Resulting fragment sizes : 

270 53 0 
fabled according to iengtn ; 

550 270 



Rsa I sues in INTERFERON 

Of AC ic2} 
5 33 71? 

fiesi;] ti r?q i rsqiTsens: size;; ; 

559 l"y 132 
Tabled accord inq to ien-Ln : 

5 39 1 7-) 1 32" 



Sffta 1 sitira. in iNTSRFiiHa.N: 

l> 

iiesiil tifi-i £ ragmen e sizes : 

8 50 

Tabled according to ienqcn : 
BSD 



Sfa j sites in INTERFERON 

GATGC {cXO} 
310 6 33 



1! 
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GCATC 
0 



iCXU) 



Resulting fragment sizes : 

309 37? Io2 
Tabled accordinq to length, : 

37y 303 162' 



Sac I sites in IHTERPtliiOH 

UAGCTC (cS) 
0 

.Resulting fragment sizes -j- 
8 50 

Taoled according to length : 
850 



Sac II sites in INTERFERON 

CCGCGG (c4) 
0 

Resulting fragment sizes : 
850 

Tabled according to lenqtr, : 
650 



Sac III sites in inrwecRCA 

AZGT icKti] 
U 

i^esuicinq fragment sixes : 

a so 

Taoled according to i-snatn : 

a 50 



Sal I si tec in lUTZhFZftOJ 

GfCGAC (cl) 
0 

Resulting iraqment sizes ; 
850' 

Tabled according to lenqth : 
8 50 



Soft I sites in IWTCRFfROJ 

GChtQC (cS3 
0 



12 
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Resulting fragment sizes x 

850 

Taalea according to ier.gto : 
850 



Taq 1 sites in ISTERFKRO^ 



Resulting f raqasent sizes ; 

3 is 41 

Tabled according to length ; 
841 9 



Xda I sites in INI SRPSE0.H 

TCrhGA (ci) 
0 

Resulting fragment sizes : 
8 3u 

faded according to length ; 



Xho I si ces in i;*rEf?PERO,M 

0 

Besultiny fragment sizes : 
H :: >U 

Tabled according to length : 
dSO 



Xho II sites in l*'-f£Rf £fiCh\' 

Av>A FCC icl) 
0 

AvjAtct (ci} 

GCATCC {cii 
0 

GGATCr" {clj 

0 

Resulting fragment sizes : 

62 9 221 
Tabled accord ino to 2enoth : 

62 9 2il 
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-14- 



Xma I sites in I«T£AF£ROrf 



CCCGGG id} 
0 



fte suiting grasasent sizes ; 
850 

Tabled according to length : 
8 30 



Xraa III sites in INTERFERON 



CGGCCG (el) 
0 



Resultinq fraament sizes t 
850 

Tabled accord inq to lengtn ; 

a 50 



GccmniitsGiic 
v 



BgX I sites in lti?E»¥EBQU 
(c7) 



GACNNNGTC 
0 



'f thill I sites in iHlEPf EfiOtv 
icA} 



o 

TCANNNKfc N i-!ti TGCF 

0 



ASCAiv' NbNftN? CA 

0 



Ecc 8 sites in INTERFERON 



(CXO) 



icXu 



A AC W Nts N'NNGTGC 

0 

GC AC&N NNfciiGTT 

0 



Ecc K sites in INTERFERON 
{ eXO) 

(CXO; 



14 
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DATE EIL EDrj6By(B/200g L^ 
DOdeME1SlX,ISlO: 47 



' CoMitfeikmt of Pawste 

OPPOSITION TO EUROPEAN XATE&FW&ftt Mt f Sf3 OF BIOGENflNC 
SCHERXNG A&TJS^GBSEJflSCKAFr 
AEPEAL HLB NO. T020?/§^334^=^ 




DECLARATION OP PR .MICHAEL HOUGHTON 
I, MICHAEL HOUGHTON, declare and stats as follows: 

1. lass citizen of tbs Uaited Kingdom, residing is Danville, California (U.S.A.}. 

2. I presently hold the position of nirsctbi, Nors-A >*oa~B Hepatitis Research at 
Cnjron, Inc., Emeryville, Caiifornk, where I have bests employed since 1982. 

3. I obtained a B.S~. (HoBors) in Biolojjieal Sciences from the University of East 
Aaglia in 1972. I obulsed a Ph.D. is Biochemistry in 19*7 from Kings College, 
University of Loadon. 

4. 2 sia an author or co-author of over 150 research papers that have been 
published in peer reviewed journals. These papers spaa asy work on the inuafcroa g«js 
system, the acetylcholine receptor, the it^undflobulir; E gene argamgariga. viral 
hepatitis C (HCV), and hepatitis delta {KDV). My publications also include work on 
eakaryots RNA polymerases and sraascnpaonal control. For my contributions to the 
study of viral hepatitis C, I was a ^recipient of the fcUowiag awards: 

• 1.992 Sail Landsteiaer Award with Harvey Alter, Daniel Bradley, Qui- 

Lia Choo, George K»e and Lacy Overby: 

• 1993 Robert Koch Award with Daisied Bradley;- 

- 1994 Wiliian- Beaumont Award (Americaa Gastroeaterolog)' Association) 
with Dr. Bradley, George Kuo and Qui-iint Choo. 

A fall and cotrtprebensive list of my.pipfessjoaal''acfiviiies, including 
publications; is set Forth & the compiktioa annexed, hereto, 

5, From 1972 to 19S2 I was employed is. die department of Biochemistry and 
Molecular Genetics of Searle Research and DeveSopr&sat, High Wycoabe, 
Backiofhamshire, From 1978 vmM 19&2, 1 was the project leader of tiias Hamna 
Fibroblast Xmerferoa Genetics project. This project initially involved cDNA cloning, 
sequencing, and expression of the rare human fibroblast interferon mRNA. IrsvescgaSaoas 
were also performed on the structure of the fibroblast interferon gene within ths human 
chrorncsosne. My group was the first to publish and file a patent application on the 
partial cDNA sctruesce and ths genomic organizatioa of the fibroblast interferon gens. 

- fi„ Kougfatun et al , Nud Acsd Res., 8:1913-1951, 19S0; BosghiOD et al.. NucL 
A«k. Res h ZS%5 2S94 19b Z Ilotijh'oa et al., Nucl. Acid Res.. 9:247-266. 1980. 

llm is f \H1BI i 1 If US- W 

1 
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6. Six patsat applications were filed by our group is 1980 claiming 
related iaveacoas. The applications were fifed on Feb. 6 S 1980, Feb. 28, 1980, April 
17, 1980, April 24, 1980, May 12, 1980, aad Nov. ?g, 1980; The J5ist five spplicaiions 
cOBtaxoed IEN~$ cDKA sequaaca ^formation, begktniag wiib a partial sequence ia &s 
Feb. 6 application and coding with & completed cDNA sequence disclosed in the May 12, 
1980 application. We filed quickly and successively on the cDNA sequencing aspecr of 
the project, is iaiervsis of about three weeks or Igss. Expression of biogically-active wss 
WN'S achieved withia abcuftwo months from detentuniag toe corcpiete IPN-/5 cDKA 

Sequence. 

7. I am informed thst-Biogea is proprietor of European parent 0 041 313 which 
claims expression of biologically- and iiaBsursDiogicailSy-active interferon ia unicellular 
host cells and that this patent is being opposed fay Sobering AG. I have read and 
understood pages 14-21 of Biogea's observations., dased Deceiober 21, 2954, to which 
they conxead the skilled worker having Use TanlfflKtbi |D2] sequences is hand and 
attempting to express recombinant IFN-/S, would have h&d serious concerns about fee 
exprsssibiliry of the JFH-S DNA sequence in view of as content of hydrophobic amino 
acids, three cysteine residues (positions 17, 31, and 141), AUA codoa for 2 isoleucane 
residues, an AUG codoa st the start of fee matsjrc polypeptide, and other similar 
problems relaied to protein composition. 

8. Prior » June 6, 2980, 1 knew the complete: nucleotide sad amkso add 
sequence of IFN-iJ, including that it possessed three cysnjiae residues, hydrophobic amino 
acids, an K-termiaal xnetbioaiae at the star? of the mature protein, and two AUA codoos 
for isoleudse. This specific kaowiedge of these characteristics of IKN'-£'s sequence did 
not deter me from, cosmtdng our efforts to express the cDNA cacodiag it in £. cott. 
Despite this knowledge, we expected thai z significant amount of b u totogicafly«activg IFK- 
0 would foe expressible ia bacteria. 

9. Once we- had obtained ifce complete XFN-£ cDHA, its expression in E. cali 
was routine sad straightforward. In fact, expression of biologically-active XFN-/5 was 
achieved at oar very first attempt, without performing any manipulations to overcome any 
of the so-caflsd problems, e.g., hydropbobtetry, odd number of cysteines, or AUA 
codons.,.. described ia Bioges's observations. 
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CURRICULUM VITAE 



HCHAEL HOUGHTON 



Ape: 44 
Dale of Birth: 
Nationality: 
Residence: 

Marital Status: 

Education 

1969-1972 



1973-19?? 

Easts 

1977-1982 
1 982-present 



6th February-, 1951 
UK 

Permanent resident of USA 
Married (with two children) 



B.Bc. (Honors; Biologic®* Sciences 
University bl EasbAnglia, 
Norwich.' England 

Ph.D. Biochemistry 
King's College, 
University of London, 
England 



Sensor Research investigator - Human interferon genetics 
Seahe Research Laboratories 
Buckinghamshire, England 

Director, Non-A, Non-8 Hepatitis Research 

Chiron Corporation 

4560 Morton Street 

Emeryville. California 94608 USA 



.Honors 



Co-recipient of 1991 Karl Landsteiner Award from the American Association of Bfoo 

Banks for Hepatitis C Wai Research 

Recipient of the Robert Koch Award from Germany 

Recipient of the Williams Beaumont Prize from tne American Gastroenterology Associatio 
Honoree of the Japanese Medical Congress 

Patents 

Numerous patents issued in the fields of recombinant, human interferons, bactsn 
expression vectors, Hepatitis C and D viruses. 

Publications 

Over 150 publications in the fields of gene regulation, human Deta interferon and hepattt 
C and D viruses. 
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P ublications 

Transcrip tional, and _..tra.n.$iationaj. control Jn ...eukarypteg 

1 . "The purification and properties of hen oviduct form 8 DNA-dependent RNA po: 
merase" M. Houghton and R.F, Cox {1974} Nuci. Acids Res. 1, 299-308. 

2. "The Dress-nee of ovalbumin mRNA codinq sequences in mu&ple restriction fraqmerr 
of chicken DNA" M.T. Doel. M. Houohton, EA Cook and N.H. Carey (197?) Nu: 
Adds. Res. A, 3701-3? 13. 

3. 'The interaction and RNA. polymerase H from wheat with supereofed end line, 
piasmld templates* D.M.J. tley and M. Houghton (1979) Nud. Acids. Res. 6, 507-52; 

4. "The nature of the interaction of nucieosomes with eukaryotic RNA polymerase 
D.M.J. LBtey, M.F. Jacobs and M. Houghton (1979) Nuci. Acids Res. ?, 377-399. 

5. "The Xenopus Oocyte &s a Surrogate Secretory System" CD. Lane, A. Colman, 
Mohun, J. Morser, J. Champion, I Kourides, R. Craig, S, Higgins. T.C. James. S.V 
Apoiebaum. R.i. Ohisson, E. Pauchas, M. Houqhton. J. Matthews and B.J. Mifi 
(1 9800 Eur. J. Siochem. 111. 225-235. 

5. 'Active muiti-subunsi ACn receptor assembled Dy translation of heterologous mRNA 
Xenopus oocytes." K. Sumikawa, M. Houohton. J.S. Emtaae. 8.M. Richards and £..< 
Barnard (1981) Nature 292, 862-864. 

7, "The moiecuiar cloning and characlenzation of cDN'A coding for the a subunit of tr 
acetylcholine receptor* K. Sumikawa, M. Houghton. J,C. Smith. L. Bell, 8.M. Richarc 
and E.A. Barnard (1982) Nuci. Acids Rs$. 10, 5809-5822. 

8. "Cloning and sequence determination of the gene tor the human I immunooiobuitn 
chain expressed in a myeloma cell line." J.H. Kent en. H.V, Moiaaard. M. Houohto" 
R.8. Derbyshire, J. Vtney, L.O. Bell and H.J. Gould (1982) P.N.A.S. {USA} 79, 666 " 
6665. 

S. "A study of the mRNA and genes coding for the nicotinic acetylcholine receptor." 1 
Sumikawa, M. Houohton, ~R. Miiedi and E.A Barnard (1983) in "Ceil Suffac 
Receptors." Ed. P.G. Strange pp. 249-269 (Ellis Horwood Ltd.. U.K.). 

10. "Molecular genetics of the acetyl choline receptor and its insertion and organization 
the membrane", E.A Barnard, M. Houohton. R. Miiedi, 3.M. Richards, and > 
Sumikawa. 8ioL Cell (1982) 45:383. 
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Molecular genetics of human fibrobla st interferon 

11. "The 8^ino4erminai sequence of human fibroblast interferon as deduced primers." t 
Houghton, A.G. Stewart, S.M. DoeS, J,S, crmaoe, MAW. Eaton, J.C. Smith, T.P. Pat; 
H.y? Lewis, A.G. Porter, J.R Birch, T. Canwrsam and N.H. Carey (1980) Nuei. Ack 
Res. 8, 1913-1931. 

12. "Human interferon gene sequences' M. Houghton (1980) Nature 285, 535, 

13. "The complete amino acid sequence of human fibroblast interferon as deduced ussr 
synthetic oiiqodeoxvribonucieotide primers of reverse transcriptase" M. Houahto-' 
MAW. Eaton, A.G. Stewart, J.C. Smith. S.M. Doei, G,H, CatSin. H.M. lewis. T.P. Pate 
J.S. Erntage, N.H. Carey and A.G. Porter (1980) Nucl. Acids Res. 8, 2885-2894. 

14. "The absence of Intrens within a human fibroblast interferon gene" M, Houghton, I 
Jackson, A.G. Porter, S.M. Doei, G.H Catiin, C. Barber and N.H. Carey (1981) Nu: 
Acids Res. 9, 247-266, 

15. "The cloning and expression of a human fibroblast interferon gene in Dacteria." h 
Houghton, S.M. Doei, G.H. CatSin, A.G. Stewart. A.G. Porter. W.C.A Tacon, M.A.V 
Eaton, J.S. Erntage and N.H. Carey (1981) Proceedings of the Battelie internation 
genetic Engsneenng Conference, M. Keenberg. Ed. Batteiie Seminars and Studit 
Program. 

16. "Bioiooica! Properties of Human interferon Seta 1 Synthesized in Recombioa; 
Bacteria. " KG. McCuiiaqh, J. A. Davres. IS. Sim. KM, Dawson, G.J. O'Neill. S.M. Doe 
G.H. Catiin and M. Houghton (1983) J. inter;'. Res. 3. 97-1 1 1 . 

17. "Active hybrids formed between human beta and alpha interferons." A.G. Porter, L.l 
Bel, J.R. Adai. G.H. Catiin, j.M. Ciarke, J.A Davles, KM. Dawson, R.B. Derovshir- 
S.M. Doei, L. Dunthorns, M.E. Rniay, J. Hall. M. Bouahton, C. Hynes, U. Lindiey, M.l 
Nugent, G.J. O'Neill, J.C, Smith, A.G. Stewart. W,C. Tacon. J.H. Viney. N. Warburto' 
P.G, Boseiey and K.Q. McCullagh (1985) in 'The Biology of the Interferon System 
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